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WATER-BASED RECREATIONAL USE PATTERNS 
OF THE UPPER IOWA RIVER1 
William K. Seitz 2 and Robert B. Dahlgren3 
ABSTRACT A recreational use study was conducted on a 74-mile stretch of the Upper Iowa 
River in northeastern Iowa in 1972 and 1973. More than 73% of all recreational parties con-
tacted were canoeing. In 1973, 6,529 canoeist-days were recorded during a 101-day period 
beginning May 26, a 38% increase over 1972. One 30-mile section of the river (Kendallville-
Decorah) received 83% of all canoeing use. Over 60% of the canoeing and camping activity 
was on weekends, with peak use during national holidays. In 1973, 4, 791 camping nights 
were recorded in a 102-day period beginning May 25, an 18% increase over 1972. Over 42% 
of the recorded camping nights were on private land, primarily at Bluffton. Fishing was third 
in use, with almost 48% of the recorded fishing activity occurring in a 20-mile stretch of the 
river from the Lower Dam, the most heavily fished spot in the river study area, downstream 
to State Highway 76. Trapping was also surveyed; over 58% of 11,010 trap-nights occurred 
in the 22-mile section of river from Bluffton to the Lower Dam. 
INTRODUCTION 
Public Law 90-542 (1968) established the National Wild and Scenic Rivers System. 
Nationwide, eight rivers were selected to form the initial components of the system, and in 
addition 27 other rivers were designated for potential inclusion, including the Upper Iowa 
River in northeastern Iowa. 
During the preliminary inventory and evaluation period for proposed inclusion, a brief 
survey and analysis was made of the Upper Iowa in 1963 (U.S. Department of the Interior, 
1972). In the early 1960's and in 1967 the State of Iowa initiated inventory studies to 
evaluate scenic and recreational qualities of the river (Taylor, 1969). After congressional 
passage of the Wild and Scenic Rivers Act, the Bureau of Outdoor Recreatio.n, U.S. Depart-
ment of the Interior (USDI), initiated an extensive 2-year study of the Upper Iowa. In 1970 
the USDI Study Team concluded that the river was qualified for inclusion in the system and 
recommended that protection and development of the river could be achieved by the State 
of Iowa, in cooperation with local governments (USDI, 1972). In 1970 the Governor of Iowa 
proclaimed the river as part of the Iowa Scenic Rivers System (Code of Iowa, 1971), and in 
1972 the Secretary of the Interior recommended that the river met the criteria and could be 
included in the national system; however, action has not yet been taken. 
Even though the USDI report outlined a potential recreation development plan for the 
river, it lacked basic data on current use patterns, user characteristics, and the recreation 
furnished by the taking of furbearing animals. Such data are needed to serve as a base for 
1 Journal Paper No. J-8024 of the Iowa Agriculture and Home Economics Experiment· Sta-
tion, Ames, Iowa. Project No. 1939, administered by the Iowa Cooperative Wildlife Research 
Unit (supported by the U.S. Fish and Wildlife Service, Iowa State University of Science and 
Technology, Iowa State Conservation Commission, and the Wildlife Management Institute). 
2 Former Graduate Research Assistant (now Wildlife Biologist, U.S. Fish and Wildlife Service, 
Division of River Basin Studies, Tulsa, OK 74103). 
3 Leader, Iowa Cooperative Wildlife Research Unit, and Associate Professor, Department of 
Zoology and Entomology, Iowa State University, Ames, Iowa 50010. 
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reference in planning use standards that assure maintenance of the scenic and recreational 
characteristics of the river in an unspoiled and natural condition. In 1972 the Iowa Coopera-
tive Wildlife Research Unit, Iowa State University, initiated a study of recreational use of the 
Upper Iowa River (Seitz, 1974). In this paper, results of the study are presented pertaining to 
patterns of recreational use of the river by canoeists, campers, fishermen, and trappers. 
DESCRIPTION OF STUDY AREA 
The Upper Iowa River begins in the flat prairie lands of southeastern Minnesota and 
winds through rolling hills of northeastern Iowa before emptying into the Mississippi River 
(Fig. 1). From several miles above Kendallville to below Bluffton, the river has created an 
array of scenic limestone bluffs, chimneys, palisades, and other rugged geologic features. 
The contrast is pleasant as the river winds its way through crop, pasture, and timber lands. 
The lower section of the Upper Iowa flows through a broad, deep valley flanked by steep 
slopes crowned with limestone escarpments. 
A continuous, 74-mile section of the river was selected for study starting at Larkin 
Bridge, 7 miles northwest of Kendallville, and ending in Allamakee County at the bridge on 
State Highway 76, 11 miles north of Waukon. This section was divided into five segments 
for the purpose of recording activity: (1) Larkin Bridge to Kendallville Park, 6.5 river miles; 
(2) Kendallville Park to Bluffton, 14.1 miles; (3) Bluffton to the city campground on the 
western edge of Decorah, 15.9 miles; ( 4) Decorah City Campground to the Lower Dam, 17 .3 
miles ; and (5) Lower Dam to the bridge on State Highway 76, 20.5 miles. These segments 
were chosen because they were reportedly used by recreationists and are included in the 80 
river miles recommended by the Secretary of the Interior for scenic and recreation classifica-
tion (USDI, 1972). 
METHODS 
Pretesting of interview schedules was conducted on two weekends in early May, 1972. 
Daily field work began May 24 and ended September 4. Recreational activity was also re-
corded on the weekends of September 23 to 24 and October 8 to 9. In 1973, recreational 
activity was recorded on the weekends of May 5 to 6 and 12 to 13, and daily field work was 
conducted from May 23 to September 3. 
Information on recreation use was gathered principally by personal interview. Contacts 
were made by driving main roads paralleling and crossing the 74-mile river study area and by 
waiting at heavily used, public, canoe-access areas. Using this method, we assumed that all 
canoeing and camping parties were contacted ; however, not all fishing parties were contacted. 
During July 1972 and 1973 Arnold 0. Haugen made counts of recreational activity from an 
airplane, while the senior author conducted the usual field interviews. To obtain trapping in-
formation for the 1972 to 73 trapping season, effort was made to interview all licensed 
trappers from Winneshiek and Allamakee counties who trapped on the Upper Iowa River. 
Interview. responses were coded directly on the schedules. Data were tabulated by the 
Statistical Laboratory, Iowa State University , using computer programs adapted from the 
Statistical Analysis System. Chi-square tests and Student's t-tests were applied to differences. 
In 1972 .and 1973, 466 and 609 canoeing and camping schedules, respectively, were 
completed. One hundred eighty-six and 166 fishing schedules were completed in 1972 and 
1973, respectively. Twelve trapping interviews were completed, all in 1973. 
RESULTS AND DISCUSSION 
Canoeing 
The Upper Iowa River is an important natural resource for many outdoor activities. In 
terms of numbers of users the river is used mostly by canoeists. More than 73% of all recrea-
tional parties contacted (canoeists, campers, and fishermen) were canoeing. 
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Figure 1. The Upper Iowa River in northeastern Iowa. The study area included a 74-mile section of river beginning at Larkin Bridge (# 04) and 
ending at State Highway 76 (Bridge 26). 
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In both years there were 6.7 persons per party (486 parties) for those groups canoeing 
only and 7.8 persons per party (559) for those groups both canoeing and camping. Overall 
canoeing party size was 7.3. Although a distinction was made between parties canoeing only 
and those who both canoed and camped, no significant difference existed between the sizes 
of these groups. Canoeists spent an average of 1. 7 days per visit in 1972 and 1.6 in 1973. 
Canoeing parties used an average of 3.0 canoes. The number of canoes per party for 
those parties canoeing only (2. 7) and those parties canoeing and camping (3.2) were not sig-
nificantly different (P>0.05). There was an average 2.4 persons per canoe for all parties 
canoeing. 
Canoeing Use Patterns 
There were 6,529 canqeist-days .(1 canoeist for 1 day) recorded during the 101-day 
period beginning May 26 and ending September 3, 1973, a 38% increase over the total for a 
comparable period in 1972 (Table 1). Weekday use rates in all segments increased in 1973. 
In 1973 the overall summer use rate was 65 canoeist-days per day, a 37% increase {t=2.15, 
df=200, P<0.05 ). 
Table 1. Percentage of canoeist-days and use rate on weekdays and weekends for five 
segments of the river during summer 1972 to 73 {n=l,4 77 for weekdays for 1972 
and 2,015 in 1973; n = 3,266 for weekends 1972 and 4,514 in 1973). 
Time Canoeist-days Use ratea 
period 1972 1973 2-yr 1972 1973 2-yr 
Weekdays 
River segment 
1 4.6 10.4 7.9 1.0 2.9 2.0 
2 35.1 39.0 37.4 7.3 11.1 9.2 
3 45.8 35.1 39.6 9.5 10.0 9.7 
4 8.1 8.0 8.1 1.7 2.3 2.0 
5 6.4 --1.&_ _J_Jl 
--1&.. __2__J_ _Ll_ 
Total 100.0 100.0 100.0 20.8 28.4 24.6 
Weekends 
1 3.0 2.6 2.8 3.3 3.9 3.6 
2 47.9 52.8 50.7 52.1 79.4 65.8 
3 35.4 36.5 36.0 38.5 54.9 46.7 
4 5.6 3.5 4.4 6.1 5.3 5.7 
5 
-8...L ..A..Q_ __6_,l_ --8....8... _fill --1.ft... 
Total 100.0 100.0 100.0 108.8 150.4 129.7 
Overall summer use rates 47.0 64.6 55.8 
ause rate is canoeist-days per day. A 71-day period was used for weekdays and a 30-day 
period for weekends both yejl.l"s. 
In 1972 and 1973, segments 2 and 3 ranked first and second in canoeing use (Table 1). 
Segments 2 and 3 collectively received 82% of the canoeing use in 1972 and 84% in 1973. 
Although there were no major changes in use between segments over the two summers of 
investigation, segment 2 had the greatest increase in canoeing. 
A common use pattern was for large numbers of canoeists to camp along the river on 
Friday evening, canoe Saturday, camp Saturday evening, and complete their canoeing on 
Sunday. One noticeable effect of this pattern was the large difference in use between week-
ends and weekdays; over 68% of the recorded canoeing activity was on weekends (Table 1). 
A significant difference existed between daily use rates of weekends and weekdays in both 
years (t=13.2, df=99, P<0.05 for 1972; t=16.7, df=99, P<0.05 for 1973); the increase in 
canoeing in 1973 was proportional in both weekend and weekday periods (Chi-square= 0.01, 
df=l, n.s.). 
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Boating use of other Iowa rivers seldom has been recorded, and few studies have been 
carried out on rivers in other states. Solomon and Hansen (1972) estimated that between 
May 1 and September 30, 1971, more than 50,000 canoeists used a 40-mile section of the 
Pine River in Michigan. Use rates on the Pine River were 82 canoeists per day on weekdays 
and 911 canoeists per day on weekends as compared with 25 and 130, respectively, on the 
Upper Iowa. In Idaho, the number of floaters on the Middle Fork of the Salmon River in-
creased from 625 in 1962 to more than 3,200 in 1971 (Peckfelder, 1973). Although no 
indication was given, it appears that these totals do not reflect accumulated use. It is highly 
likely that if accumulated use had been recorded, use levels would be somewhat higher than 
those of the Upper Iowa. 
The relatively high levels of weekend and holiday use found in this study are similar to 
those reported for other areas in Iowa such as Spirit, Little Wall, Okoboji, and Clear lakes 
(Haugen and Sohn, 1968; Proescholt and Carlander, 1969) and the Des Moines River (Haugen 
and Lenning, 1970). Although Peckfelder (1973) was not specifically investigating river use 
patterns, he reported that 42% of the float trips on the Middle Fork of the Salmon River in 
Idaho started on three consecutive days of the week-Sunday, Monday, and Tuesday. 
In addition to receiving the highest overall use by canoeists, segments 2 and 3 also had 
the highest rate of use during the 71 weekdays and the 30 weekend days. For example, 81% 
of the recorded weekday canoeist-days in 1972 were in segments 2 and 3 with a weekday 
daily use rate of almost 17 canoeist-days. In 1973, 74% of the weekday use was in segments 
2 and 3 with a use rate of 21 canoeist-days. More canoeists used the river on weekdays in 1973, 
but their use of segments 2 and 3 was not as concentrated. Ninety-one canoeist-days per 
weekend day (84%) occurred in segments 2 and 3 in 1972 as compared with 134 (89%) in 
1973. When compared with 1972 figures, weekend use by canoeists was heavier in 1973 and 
was more concentrated in segments 2 and 3. 
The influx of recreationists on weekends was greatest during national holiday periods. 
Over 17% of the canoeist-days recorded during the 101-day period occurred during the 7 days 
associated with holidays (two 3-<lay weekends and July 4); over 14% occurred during a 
comparable period in 1973. Dissimilar weather conditions preclude comparison of use during 
holiday periods in the same year and between years. Generally, canoeing use on the river was 
greatest on the second day of a 3-<lay holiday weekend. 
Although 89% (193) of the canoeists interviewed were satisfied with present canoeing 
conditions, 11% (24) thought that the river was too crowded. The latter group had made 
their canoeing trips on a weekend in segment 2. A use level that would cause an increase in 
the percentage of canoeists expressing dissatisfaction is not known, but an effort should be 
made to disperse use to other areas of the river before such a level is reached. Because of 
seasonally low water conditions above Kendallville from June to August, the section of river 
downstream from Decorah has the greatest potential for an increase in recreational use by 
canoeists. In 1973 only 12% of the canoeing use occurred in this section. 
By improving existing facilities or building new ones in segments downstream from 
Decorah, it may be possible to disperse canoeing use from segments 2 and 3 and allow for 
more total recreational use on the river. With a limited degree of development such as expan-
sion of existing parking areas and improvement of canoe launching sites, existing state-owned 
areas at the Upper and Lower dams and Canoe Creek could be developed to accommodate 
increased numbers of canoeists. The Iowa State Conservation Commission's (ISCC) canoeing 
guide (ISCC, ca. 1971), which does not provide road directions or a river map for the section 
of river downstream of Decorah, could be expanded to provide more information on roads in 
downstream segments. However, downstream development may improve the "attractiveness" 
of the river as a recreational area and could result in higher levels of use in all segments. Care-
ful planning for management of the river is needed so that detrimental effects of increased use 
can be minimized. 
Canoeing results reported so far have concerned summer canoeing activity, but the river 
is also used considerably during weekends in spring and fall. In fall 1972 there were 50 
canoeist-days for September 23 to 24, a rate well below the 1972 summer weekend average 
but similar to the overall 1972 summer average (Table 1). No activity was recorded on 
October 8 to 9; the reason for this is unclear because weather conditions were clear and cool 
and water levels for canoeing were excellent. Eighty-three percent of the fall canoeing 
activity was in segments 2 and 3. 
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In spring, 1973 the use rate was 66 canoeist-days per day for both weekends studied, a 
rate similar to 1973 summer averages, but less than weekend rates (Table 1). As in fall and 
summer months, segments 2 and 3 were most used by canoeists in the spring, and received 
94% of the use. Canoeing use in spring generally is greater than in fall, perhaps because of 
the water levels that canoeists expect to find. Many Upper Iowa canoeists commented that 
they used stream conditions in their own community as a guide for conditions on the Upper 
Iowa. Thus, canoeing conditions on the Upper Iowa in the fall may be adequate for canoeing 
because it is fed by springs while conditions on streams 75 miles away that are not spring fed 
may be poor. 
Aircraft Counts of Canoeing Activity 
Numbers of canoeists were obtained by personal interview and road counts of recrea. 
tional activity . To determine how well these numbers reflect actual usage, canoeing activity 
was recorded on one day in July of both years by an observer in an airplane (Seitz, 1974). 
Normal field procedures were used to record canoeing while flights were made. 
Canoes on the river were easily observed from the air. There was close agreement be-
tween the total canoeing activity observed from the air and that obtained by ground observer 
(Table 2). Ground observations accounted for 90% of the number of canoes seen from the air 
in 1972 and 89% in 1973. Because of camping and picnicking material placed in the canoes, 
it was not possible from the air to obtain accurate counts of the number of persons in each 
canoe. Figures in Table 2 reflect a rate of two canoeists per canoe for each canoe counted from 
the air. Party counts were highly variable with the ground observations accounting for 67% of 
parties observed from the air in 1972 and 100% in 1973. Differentiating one party from another 
from the air was difficult because canoes were strung out for some distance along the river; 
thus, ground counts of parties were probably more accurate than those made from the air. 
Access Areas Used for Canoes 
Most canoeists launched their canoes at access areas in segments 2 and 3 in 1972 and 
1973 and took out at accesses in segments 3 and 4 (Table 3). Kendallville County Park 
(owned by the Winneshiek County Conservation Board) in segment 2 was the access area most 
often used for launching canoes (183 of 692 parties, 26% in 1972 ; 303 of 894 parties, 34% in 
1973). In 1972 the privately owned pasture near the grocery store in Bluffton (segment 3) 
received the next heaviest use (111 parties, 16%) followed by the public fishing access (owned 
by the ISCC) in segment 3 downstream 1 mile from Bluffton (76 parties, 11%). In 1973 the 
pattern was reversed; the Bluffton public access was used by 20% of the parties (182) and the 
pasture access by 10% (87). 
County-owned land, primarily Kendallville park and bridge right-of-ways, ranked first in 
launching locations with 57% of the use in both years (Table 5). In 1972, privately-owned 
land ranked second, followed by state and municipal land. The pattern of use changed in 
1973, with state-owned access areas ranking second, followed by private and municipal land. 
Use on private land dropped more than 9%, while use on state land increased 6% and that on 
county land increased almost 5%. 
Conflicts between landowners and canoeists that received statewide newspaper and TV 
coverage may have contributed to the shift of use to state lands in 1973. Private landowners, 
chiefly farmers living along the river, reacted unfavorably to two recommendations in the 
USDI (1972) report concerning recreation plans for the river, namely that the state should 
purchase 14,000 acres along the river and that the area could be developed to accommodate 
121,000 persons annually . These people formed the Upper Iowa River Preservation Associa-
tion (UIRPA) to preserve the river in its natural state (UIRPA, 1971). In late spring, 1972, 
UIRPA initiated an annual canoeing permit to be sold by local farmers. Although UIRPA 
news releases gave the impression these permits were required, the ISCC discouraged persons 
from purchasing them (Knauth, 1973a). A leader in developing the river for public recreation 
was arrested for trespass on land of a river property owner in June, 1973. Although not a 
party to the suit, UIRPA saw the case as a test of a trespass law (Reiser, 1973) passed by the 
Iowa legislature in 1972 (Code of Iowa, 1973). After acquittal of the arrested person, a 
UIRPA official threatened to fence the river to stop canoeists (Knauth, 1973b). 
Table 2. A comparison of counts from the ground and from an airplane of canoeing activity on the river, July 4, 1972, and July 1, 1973. 
Canoes Canoeists Parties 
Flighta Ground Flight Ground Flight Ground 
River segments 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
Several miles west of 
Florenceville, Iowa to 
Florenceville, Iowa 0 1 -- -- 0 2 -- -- 0 1 -- --
1 1 2 1 0 2 4 2 0 1 2 1 0 
2 15 38 14 25 30 76 32 52 2 8 3 7 
3 13 23 10 27 26 46 21 63 6 8 3 11 
4 0 1 0 5 0 2 0 11 0 1 0 1 
5 21 8 20 7 42 16 43 19 4 3 3 3 
State Highway 76 to 
State Highway 26 
(15.1 miles) 4 0 -- -- 12 0 -- -- 2 0 -- --
-- - - -- --
Total 54 73 45 64 112 146 98 145 15 23 10 22 
a 
See Seitz (1974) for flight details. 
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Table 3. Percentage of all canoeists who launched and took out canoes in various major river 
segments in 1972 and 1973 (n=692 in 1972, 894 in 1973). 
River Launch(%) Take out(%) 
segment 1972 1973 2-yr 1972 1973 2-yr 
Chester, Iowa to 
Florenceville, Iowa 1.3 1.5 1.5 0.4 0.1 0.3 
1 3.9 4.6 4.3 1.2 1.2 1.2 
2 45.4 47.1 46.3 7.8 8.6 8.3 
3 35.1 37.7 36.6 51.0 57.3 54.5 
4 7.4 4.7 5.9 27.9 26.0 26.8 
5 5.6 3.7 4.5 9.2 5.6 7.2 
Lonning's Landing 0.3 0 0.1 1.4 0.5 0.9 
to the Mississippi 
River 
Unknown __LQ_ _QJ_ _QJ_ __ll__ 0.7 0.8 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
Table 4. Percentage of all canoeists who launched and took out canoes in 1972 and 1973 at 
access areas with various ownerships (n=692 in 1972, 894 in 1973). 
Ownership Launch(%) Take out(%) 
category 1972 1973 2-yr 1972 1973 2-yr 
State 17.1 23.3 20.5 21.8 29.4 26.1 
County 54.0 58.8 56.6 18.4 21.0 19.9 
Municipal 3.9 2.8 3.3 24.6 22.4 23.3 
Private 24.0 14.7 18.8 34.2 26.5 29.9 
Unknown 1.0 0.7 0.8 1.0 0.7 0.8 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
The pattern of use of take"out areas was somewhat different from that of launching 
(Table 3), but in both years a major portion of the canoeing trips originating in segment 2 
ended somewhere in segment 3. In 1972 the private pasture in Bluffton had 20% of the use 
(141 of 692 parties) while the public access 1 mile downstream had 16% of the use (108 
parties). Will Baker Park in Decorah had 20% in 1972 (139. parties) and 19% in 1973 (174 
parties). In 1973 the public access downstream from Bluffton received 24% of the use while 
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Table 5. Percentage of total camping nights recorded in the major river segments along the 
river study area during summer in 1972-73 (n=4,060 in 1972 and 4,791in1973). 
River 
segment 1972 1973 2-yr % change 
1 0.9 2.3 1.7 +1.4 
2 24.6 26.8 25.8 +2.2 
3 46.8 40.3 43.2 -6.5 
4 21.0 27.0 24.3 +6.0 
5 ~ ____l_&_ ___M_ ___:_1J_ 
Total 100.0 100.0 100.0 +18.oa 
aqihe percentage change in total camping nights from 1972 to 1973. 
the private pasture received 14% (123 parties). By classing take-out areas by ownership 
(Table 4), private land in 1972 ranked first largely as the result of the use of the private pas-
ture at Bluffton. State land ranked first in 1973 as the result of increased use of the public 
access downstream from Bluffton; again, this may have resulted from statewide publicity 
concerning canoeist-landowner relations. 
Canoeing Trip Lengths 
Average daily trip length for 1,045 canoeing trips was 12.0 miles regardless of length of 
stay. Canoeists paddled a minimum of 133,476 miles in 1972 and 1973 (7 canoeists/daily 
canoeing trip x 1,589 daily canoeing trips x 12 miles/daily canoebg trip). In normal water 
conditions canoeists traveled about 3 miles per hour, depending upon experience levels and 
stops along the way. Therefore, a 12-mile canoeing trip took 4 to 5 hours to complete. During 
summer of 1972 and 1973, canoeists spent more than 44,492 hours canoeing on the Upper 
Iowa (133,476 miles/3 mph). Fleener (1971) estimated recreationists made 2,370 visits and 
expended 4,841 hours while boating during summer months on a 57-mile, unchannelized 
portion of the Platte River in northeastern Missouri. 
Distance traveled in a day is, in some respects, related to access areas readily available for 
launching and taking out canoes. For example the stretch of river from Kendallville to the 
Bluffton public access (15.5 river miles) has only eight areas that people have used to launch 
or take out canoes. Two of these areas, Kendallville County Park and the Bluffton State 
access, are available for public use. Five of the access areas are county riffht-of-ways at 
bridges, and owner's permission is required for use of the pasture in Bluffton. From below 
the Bluffton public access to Will Baker Park in Decorah (14.5 miles), there are eight access 
areas: one state-owned, one city-owned, and six bridge right-of-ways. Although canoeists 
used county bridge right-of-ways, legality of this use is unclear at present. Some adverse 
relations between canoeists and landowners developed over use of several of these bridge 
right-of-ways. Many of the canoeists contacted, especially in 1973, planned their canoeing 
trips to start and finish on public access areas to avoid possible conflict with private land-
owners. Many of the parties normally may have taken either a longer or shorter trip. 
Camping 
Camping was second only to canoeing in terms of annual use. Results in this section in-
clude data collected only from persons contacted along the river and not from all persons 
who camped in the Decorah City Campground. More than 43% of the recreation parties (632 
of 1,427) interviewed in 1972 and 1973 were camping. Party totals include data on camping 
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from 33 of 352 fishing parties (163 persons) contacted. There were 4,690 campers in all 
camping parties or about 7 per party. Canoeing and camping were closely related because 
many of the parties who canoed on the river camped during their visit (52% in 1972, 54% in 
1973). Over 88% (559 of 632) of the parties that reported camping also canoed. 
Camping Use Patterns 
One person camping along the river for one evening was termed a "camping night." 
There were 4, 791 camping nights recorded during a 102-day period beginning May 25 and 
ending September 3, 1973, an 18% increase over the total for a comparable period in 1972 
(Table 5). Tbe camping use rate (39.8 camping nights per day in 1972, 47.0 in 1973) in-
creased by 18% in 1973 (Table 6). Nearly half the canoeists on the Pine River in Michigan 
(or about 25,000 per year) camped before or after their float trip (Solomon and Hansen, 1972). 
Table 6. Percentage of total camping nights and use rates recorded during weekdays and 
weekends on the river study area during summers of 1972 and 73 (n=4,060 in 
1972 and 4, 791 in 1973). 
Time Cam2ing nights Use ratea 
period 1972 1973 2-yr 1972 1973 2-yr 
Weekdays 45.5 33.9 39.7 25.7 22.6 24.1 
Weekends 54.5 66.1 60.3 73.7 105.5 89.6 
Total 100.0 100.0 100.0 39.8 47.0 43.4 
ause rate is camping nights per day. A 72-day period was used for weekdays and a 30-day 
period for weekends. 
The weekday-weekend use pattern discussed earlier in conjunction with canoeing ac-
tivity also was evident in camping activity along the river (Table 6). Unlike weekend canoe-
ing activity, where Saturday and Sunday were high-use days, Friday and Saturday nights 
were the high-use camping periods. Therefore, a " camping weekend" was considered as 
Friday and Saturday nights, and a "camping weekday period" as Sunday thro\lgh Thursday 
nights. Over 60% of the camping activity was on weekends in 1972 and 1973. Use rates 
. changed significantly from 1972 to 1973 for both weekdays and weekends, a 12% decrease 
in the weekday use rate (t = 5.56, df = 100, P< 0.05) and a 45% increase in weekend use 
rate (t = 11.44, df = 100, P<0.05). 
Weekend camping use was even greater during national holidays. Over 22% of the 
camping nights recorded during the 102-day period in 1972 occurred during the 7 days 
associated with holidays (two 3-day weekends and July 3) ; 18% occurred in 1973. Daily 
camping totals for 5 of the 7 days associated with holidays in 1972 and 6 of 7 days in 1973 
were higher than the summer's weekday and weekend daily averages. Weather conditions pre-
clude comparison of camping activity during the holiday periods in the same year and be-
tween years. With few exceptions holiday camping activity along the river was greatest on 
the first night (Saturday) of the Memorial Day and Labor Day weekends. Even though 
weather conditions were good on July 4 in both years, there was a wide difference in camping 
activity on the evenings before the holiday (123 camping nights in 1972 and 12 in 1973). 
One major reason for the difference was the day of the week on which the 4th came. Because 
the 4th was on a Tuesday in 1972, many people took off Monday to give them a 4-day week-
end. July 4 came on a Wednesday in 1973, and evidently, many persons did not or were not 
able to get the.Monday-Tuesday or Thursday-Friday periods off from work. 
Fall and spring weekend camping activity was recorded on the same weekends on which 
fall and spring canoeing activity was monitored. In all instances daily camping activity in fall 
1972 and spring 1973 was below the overall summer daily use averages (30 camping nights in 
the fall and 32 in the spring). All parties contacted were camping and canoeing, and as a 
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result areas where people camped during fall and spring weekends corresponded closely to 
areas of canoeing activity. Campgrounds used most, such as Kendallville County Park, 
Bluffton public access and private pasture, and Decorah City Campground, were in segments 
2 and 3. 
Land Ownership of Camping Areas 
The distance from Florenceville, Iowa, to State Highway 76 is about 80 river miles, or 
160 miles of river bank. Ownership of the 160 miles of river bank is classed as follows: 134 
miles (84%) private, 16 miles (10%) state,8 miles (5%) municipal, and 2 miles (1%) county. 
Twelve of the state's 16 miles are located between Decorah and the Lower Dam. 
A major portion of the recorded camping activity occurred in segments 2 and 3 (Table 5 ). 
This was the result of the strong relationship between the large number of canoeing parties 
that camp and the availability of public campgrounds close to the river in these segments. In 
1972 and 1973 the private pasture at Bluffton and the Kendallville County Park ranked first 
and second, respectively, in use by campers. Private land ranked first in percentage of use by 
campers in 1972 and 1973 (Table 7). In terms of total numbers, however, there was an 18% 
decrease in camping on private land in 1973. County-owned land ranked second in percentage 
of use for both years and increased 57% in the number of users in 1973. This increase is 
meaningful because the park at Kendallville is the only county-owned, riverside park in the 
study area. Although use of state land ranked last in both 1972 and 1973, the number of 
users increased 94% in 1973. The difference in percentages of use within years and the great 
increases in use of county and state land in 1973 probably reflect a desire to avoid conflict 
with private landowners. 
Table 7. Percentage of yearly total camping nights by land ownership along the river study 
area during summers in 1972 and 1973 "(n=4,060 in 1972 and 4, 791 in 1973). 
Land % 
ownership 1972 1973 2-yr change 
State 10.2 16.8 13.8 +6.6 
County 21.4 27.6 24.7 +6.2 
Municipal 18.1 20.7 19.5 +2.5 
Private 50.3 34.9 42.0 -15.4 
Total 100.0 100.0 100.0 +18.oa 
aThe percentage change in total camping nights from 1972 to 1973. 
Methods of Camping 
More than 74% of the campers used tents or slept outside with no shelter (Table 8). In 
both 1972 and 1973, almost half of the campers interviewed used wall or pole tents. 
Fishing 
Fishing, the second most popular water-based recreation activity, ranked third in terms 
of overall recreational use. The Upper Iowa River is well known as one of the state's best small-
mouth bass streams. Although they are caught along the entire length of the river, the upper 
reaches of the river from Lime Springs to Malanaphy Springs (Fig. 1) are considered the best 
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areas. In 1972 the ISCC initiated an annual trout stocking program on the river from the 
Foreston Bridge to Malanaphy Springs. The Lower Dam acts as a barrier for fish coming up-
stream from the Mississippi. Almost all species of fish found in the Mississippi are found in 
the stretch of river from the Lower Dam to the Mississippi. The Upper Dam, about 5 miles 
upstream from the Lower Dam, is an additional barrier that fish encounter in their movement 
upstream. There are no fish ladders at either dam. 
Table 8. Percentage of campers that used various means of camping during visits tQ the river 
(n=l53 in 1972 and 103 in 1973). 
Method 1972 1973 2-yr 
With no shelter 7.9 7.8 7.8 
Pup tent or lean-to 18.3 22.3 19.9 
Wall or pole tent 44.4 49.5 46.5 
Vehicle-pulled trailer 17.0 9.7 14.1 
Pickup camper or motorhome 12.4 
-1Ql __l_Ll_ 
Total 100.0 100.0 100.0 
During late May through early September in 1972 and 1973, persons observed fishing 
along the river were interviewed. One member from each of 352 fishing parties was inter-
viewed (186 in 1972, 166 in 1973); this total , however, does not include all parties who 
fished. Party size (2.5 fishermen per party) was considerably smaller than for those parties 
canoeing or camping. 
Fishing Use Patterns 
Much of the fishing activity, primarily from the bank, occurred from the Bluffton area to 
State Highway 76 (segments 3 to 5), a distance of 52 river miles {Table 9). Public access areas 
were important for fishing; Kendallville County Park, Bluffton state access, Lower and Upper 
Dam state accesses, and Canoe Creek state access were the most heavily used by fishermen. 
Table 9. Percentage of use by major river segment for parties fishing from the bank during 
June to August, 1972 and May to September, 1973 (n=186 in 1972 and 166in1973). 
River segment 1972 1973 2-yr 
1 1.6 1.2 1.4 
2 2.7 15.1 8.5 
3 20.4 18.7 19.6 
4 25.8 17.5 21.9 
5 49.5 47.5 48.6 
Total 100.0 100.0 100.0 
Fishing information also was collected from canoeing and camping parties, 166 (36%) 
parties in 1972 and 106 (17%) in 1973. Almost 28% (44 of 148 parties in 1972, 24 of 94 in 
1973) of the parties contacted while canoeing were fishing. Sixty-three percent (11 of 18 
parties in 1972, 8 of 12 in 1973) of the parties camping and not canoeing when interviewed 
were fishing. Summarizing fishing areas used by canoeists is difficult because of the distance 
covered during a canoeing trip. In both years oyer 90% of the recreationists (primarily 
canoeists) reported starting their fishing activities in segments 1 and 2 {Table 10); over 84% 
of the locations where recreationists ended their fishing activity were included in segments 2 
and 3. In contrast to bank-fishing activity fishing pressure from canoeing groups was primarily 
in the area upstream from Decorah. If canoeing use of the segments downstream from Decorah 
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increases, however, conflicts may occur when canoeists encounter bank fishermen. To lessen 
the physical impact of such encounters, signs emphasizing canoeing courtesy, especially meas-
ures to minimize the disturbance caused by such encounters, should be placed at major canoe 
launching sites. 
Table 10. Percentage of use by major river _segment ior canoeists and. campers who fished in 
1972 and 1973 (n=50 in 1972 and 31 in 1973). 
Starting locations Ending locations 
River segment 1972 1973 2-):'.r 1972 1973 2-):'.r 
1 12.0 6.4 9.9 6.0 0 3.7 
2 80.0 83.9 81.5 68.0 67.7 67.1 
3 2.0 6.4 3.7 10.0 29.0 17.1 
4 2.0 0 1.2 12.0 0 7.3 
5 ___AJ1_ ____Q&_ ___Q,1_ _Q,Q_ ____Q&_ _il_ 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
Fur Trapping 
Of 165 persons who purchased trapping licenses in Allamakee and Winneshiek counties 
in 1972, only 12 reported trapping on the Upper Iowa during the 1972 - 73 trapping season. 
The river from Bluffton to the Lower Dam was most heavily trapped; over 58% of the recorded 
trap-nights occurred in this 22-mile section of the river (Table 11). Even though there was 
some overlap in use of segments by different trappers, they commented that they made a 
special effort to keep clear of other trap lines. 
Table 11. Percentage trapping activity on the river during the 1972 - 73 trapping season 
(trappers=18a, trap-nights=ll,010). 
River segment Trappers Trap-nights 
1 5.6 2.6 
2 5.6 2.6 
3 33.3 3~.4 
4 27.7 21.7 
5 11.1 17.0 
Highway 76-Mississippi River _1&1_ 19.7 
Total 100.0 100.0 
a Although 12 trappers were interviewed, there was overlap in use of river segments. 
Muskrat and beaver were the species most frequently caught by Upper Iowa trappers 
(Table 12). A substantial number of animals were trapped by these trappers in other areas 
besides the Upper Iowa River. Although the total number of trap-nights per trapper was quite 
variable (6 to 100), trappers averaged about 33% of their trap-nights on the Upper Iowa. Six 
trappers considered trapping as a form of outdoor recreation, and five considered trapping 
both as a form of outdoor recreation and a means of making a livelihood. Only one person 
considered trapping solely as a means of making a livelihood. 
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Table 12. Numbers of animals trapped on the river and in other areas by 11 Upper Iowa 
trappers during the 1972 - 73 trapping season. 
Animals trappeda All areas Upper Iowa 
Muskrat 1040 399 
Beaver 253 88 
Raccoon 103 45 
Fox 168 34 
Mink 170 34 
Skunk 18 4 
Weasels 2 2 
Other 15 3 
ascientific names of animals are: muskrat (Ondatra z ibethica), beaver (Castor canadensis), 
raccoon (Procyon lotor), fox (Vulpes fulua), mink (Mustela vison), skunk (Mephitis mephitis), 
and weasels (Mustela spp.). 
CONCLUSIONS 
Most of the recreational users of the Upper Iowa River were canoeing (73%), and canoe-
ist use of the river increased 38% in 1973. The 30-mile section of the river from Kendallville 
to Decorah received the greatest (83%) use for canoeing. Most canoeists used the river on 
weekends and during national holidays. About half of all canoeists camped, and camping also 
occurred chiefly on weekends and during national holidays. Use of the river for fishing 
ranked third in importance, with nearly half of all fishing occurring in 20 miles of river 
from the Lower Dam to State Highway 76. About 28% of all canoeists fished, and 63% of all 
those·camping, but not canoeing, fished during their stay on the river. Use of the river for 
trapping was minimal; over 58% of the 11,010 trap nights occurred in 22 miles of river from 
Bluffton to the Lower Dam. About 600 animals, chiefly muskrats, were taken from the river 
by trappers. 
The Upper Iowa is a highly prized and unique resource for Iowa. The data presented in 
this study should be useful in drafting plans to provide for orderly development to meet the 
needs of recreationists while preserving the quality of the river for future generations. 
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COMPARISON OF COMPETENCIES NEEDED BY SELECTED 
ENTRY LEVEL EMPLOYEES IN LEISURE SERVICES 
Denver F. Bennett 1 and Anton J. Netusil 2 
ABSTRACT: The purpose of this study was to determine whether the different funct ional 
sectors of the leisure service field sought common (or different) competencies in knowledge 
and skills required of entry level employees. Data were collected from members of the Iowa 
Park and Recreation Association by mailed questionnaires consisting of 65 rationally derived 
items in four subscales. A single factor repeated measures analysis of variance used to establish 
reliability estimates that reached .89 or above for all subscales as well as the total scale. The 
total scale and each subscale were used in ANOV and Scheffe comparisons among the follow-
ing functional groups: 
(1) therapeutic recreation, 
(2) resource management, 
( 3) recreation (only), and 
( 4) parks and recreation (both). 
Significant differences were found and appropriate inferences made. 
* * * * * 
A serious concern of those persons who develop and coordinate professional preparation 
programs in leisure services is the employment potentials of four-year graduates. Discernment 
of the nature and extent of competencies demanded by employers of entry level employees 
is, therefore, vitally important. 
The basic question, and one this study (Bennett, 1973) considered , was whether the 
different functional sectors of the leisure-services field sought common (or different) compe-
tencies in knowledge and skills. Four funct ional categories were sampled in this study as 
follows: (1) therapeutic recreation, (2) resource management, (3) recreation (only), and (4) 
parks and recreation (both). 
The following hypothesis was stated in null form: 
The judgments of those engaged in providing leisure services, with regard to 
the competencies needed by entry level employees, will not be significantly 
different when measured on selected competency indicators. 
Data were collected by mailed questionnaires from a sample consisting of the entire 
membership of the Iowa Parks and Recreation Association except educators, commercial 
members, and students (n = 180, see Table 1). The questionnaire was in two parts; part one 
solicited personal and agency data and part two requested responses relative to practitioner 
judgments of competencies needed by e!1try level employees. 
The instrument was designed so that each respondent was placed in an agency-functional 
category by checking the appropriate category in part one . Part two of the questionnaire was 
developed to determine the level of competence needed by entry level employees on selected 
subject and ability items. This section defined "entry level" for the respondent and presented 
65 items consisting of selected knowledge and skill indicators to which responses could be 
1 Assistant Professor, Department of Physical Education, Iowa State University, Ames, Iowa 
50010. 
2 Professor, College of Education, Iowa State Universi ty, Ames, Iowa. 
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Table 1. Respondents to questionnaire by affiliation with the Iowa Park and Recreation 
Association. 
Sample Total Percentage 
Section of I.P.R.A. size returns Usable return 
Therapeutic 51 42 39 82 
Parks and conservation 31 26 26 83 
Community 61 41 40 67 
Board and commission 37 22 18 59 
Total 180 131 123 73 
checked in the following five categories according to judgment of needed competency in the 
agency: (0) "Not applicable to the job," (1) "Little Competency," (2) "Moderate Compe-
tency," (3) "High Competency," and (4) "Mastery or Superior Competency." The items 
reflected a condensed list of knowledge andskill indicators from job descriptions, the National 
Accreditation Project (Federation of Organizations for Recreation, 1968), and the literature. 
Items were assigned to four subscales within the 65 items for analysis. The questionnaire was 
pretested with professionals and graduating seniors in spring, 1973 and mailed to the sampled 
respondents on May 16, 1973. Two follow-up letters were mailed prior to July 6, 1973 when 
analysis of these data began. 
In the treatment of these data, two basic assumptions were made as follows: 
1. Accurate and unbiased answers were provided by respondents to the questionnaire. 
2. The items were representative of the subjects and abilities on which competency is 
needed for success by entry level employees in leisure services jobs. 
Table 2 shows the reliability estimates and F ratios found by utilizing single-factor, 
repeated-measurements design analysis of variance procedure on the total scale and each sub-
scale of items (Specht, 1973). On the basis of these findings, it was concluded that the one-
way classification analysis of variance procedure was appropriate for the scale and each of the 
subscales. 
Table 2. Results of single-factor, repeated measurements design analysis of variance and 
Cronback reliability estimates. 
Cron back Standardized 
Item Scale Alpha item Alpha F-ratios 
Total (all items) 0.95 0.95 15.995** 
"General" Subscale 0.93 0.94 11.688** 
"Programming" Subscale 0.89 0.89 8.081** 
"Resource Management" Subscale 0.89 0.90 8.317** 
"Therapeutic 'Recreation" Subscale 0.95 0.95 21.470** 
** p ~ .001 
The following null hypothesis was stated for testing: 
There are no differences on (a) the 65-item scale, (b) the General su bscale, ( c) the Pro-
gramming subscale, (d) the Resource Management subscale, or (e) the Therapeutic 
Recreation subscale, between respondents representing different agency-functional 
orientations. 
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One-way classification analysis of variance was computed. F-ratios were found as reported in 
Table 3. 
Table 3. Results of analysis of variance on scale and subscales by agency orientation. 
Significance Null Hypothesis 
Item Scale F-ratio level conclusion 
Total (all items) 2.9179 P< .05 Rejection 
"General" Subscale 3.3718 P< .05 Rejection 
"Programming" Subscale 2.2048 Retention 
"Resource Management" Subscale 8.7834 P< .001 Rejection 
"Therapeutic Recreation" Subscale 3.2667 P< .05 Rejection 
As can be seen in Table 3, the analysis of variance statistics indicated a significant differ-
ence among the different agency-functional orientations on all tests except the programming 
subscale. Where the null hypothesis was rejected, multiple comparisons of means were made 
by use of the Scheffe method (Glass and Stanley, 1970). Table 4 gives the results of those 
multiple comparisons. 
Table 4. Results of Scheffe multiple comparisons of the means of the four groups. 
Resource Therapeutic 
Total General Programming Management Recreation 
Contrasts Scale Subscale Subscale Subscale Subscale 
µ1 -µ2 * 
µ1 -µ3 * 
µ1 -µ4 * * 
µ2-µ3 * 
µ2-µ4 
µ3-µ4 * * * 
* Indicates comparisons where the confidence interval did not include 0. µ1 represents the 
therapeutic recreation group, µ2 represents the resource management group, µ3 represents 
the recreation group, and µ4 the parks-recreation group. 
DISCUSSION OF FINDINGS 
This study had four limitations, which should be considered as affecting generalizability. 
First, although the total scale of items and each subscale showed reliabilities of 0.89 and 
above (validity was defined as 0.80 and above), replication could produce different results. 
Second, items for the study were rationally derived. Care should be exercised in generali-
zing beyond the context of the knowledge and abilities reflected by the items. Third, items 
were assigned to the subscales, which were found reliable measures of a common trait or 
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characteristic. Other arrangements of the items into subscales are possible, which could pro-
duce higher reliabilities. Fourth, there could be a common bias among practitioners, who are 
members of the Iowa Parks and Recreation Association, producing response patterns to 
questionnaire items. 
Four functional program emphases served as independent variables in this study. For 
purposes of identification they were the following: 
1. Therapeutic recreation services. Agencies providing therapeutic recreation services 
are generally found in institutional settings and are primarily concerned with pro-
viding recreation activities for residents. These recreational programs often serve a 
therapeutic function in conjunction with coordinated medical, psychological, and 
rehabilitation functions. 
2. Resource management. Agencies involved in resource management are generally 
concerned with facilitation of recreation opportunities and are not often engaged in 
direct recreation programming and leadership. Land, water,and structural manage-
ment in parks, reservations, conservancy districts, wildlife refuges, or related areas 
are major concerns of this group. 
3. Recreation (only ). Agencies having a separate and autonomous recreation depart-
ment or division without major responsibility for park areas are classified in this 
group. Parks (only) respondents are grouped in the resource-management category. 
Both public and private agencies with responsibilities for recreation programming 
are in this group. 
4. Parks and Recreation. A growing number of agencies are combining parks and 
recreation functions under one board and administrative structure. Where this is 
true, many functions of the department are integrated to include both resource 
management and recreation programming. Persons in these agencies are classified 
in this combined functional category. 
Significant differences among the groups were found on the total scale of items and on 
each subscale, with the exception of the 10-item Programming subscale. The Programming 
subscale was composed of items dealing with the provision of recreation program activities. In 
that subscale no significant difference was found. It was concluded that the level of compe-
tency needed by all entering practitioners in leisure services positions was common in the area 
of programming recreational activities. 
Where significant differences were found, multiple comparisons were computed to 
interpret where the differences existed. On the basis of these findings additional conclusions 
and interpretations were made . 
Multiple comparisons based on data from responses to all items indicated that compe-
tencies needed by those in agencies with combined park and recreation functions were 
different (and higher) compared to those agencies providing recreation services only. This 
finding supported the position that a competence that is broader, deeper, or both in knowl-
edge and abilities is needed by those entering departments performing both parks and recrea-
tion functions. The multiple comparison procedure did not reveal a significant difference 
between the resource management group and the parks and recreation group. From this 
information, it could be reasoned that more extensive competence needed by persons in the 
parks and recreation group compared to the recreation group is in areas of resource-
management - related functions. 
The 35 items comprising the General subscale were chosen on the basis of their general 
applicability to all leisure-services agencies. l'.1ultiple comparisons computed on this scale, 
after disclosure of significant differences via analysis of variance, revealed that persons enter-
ing parks and recreation operations need more extensive competence in the subjects and 
abilities measured as compared to those in recreation services only or in therapeutic recreation 
services. One possible explanation for this finding is that several items dealt with operational 
and maintenance type functions. These could be more common to combined departments. 
(Entry level employees in recreation departments and in therapeutic-service institutions are 
more concerned with activities and programs and often have little responsibility for building 
and facility operation and maintenance.) 
Comparisons on the Resource Management subscale revealed no difference between 
entry level competency needs in resource-management agencies and parks-recreation agencies. 
However, both the parks-recreation group and the resource-management group were different 
(and scored higher) compared to the therapeutic-recreation and recreation groups. This 
COMPETENCIES NEEDED BY EMPLOYEES IN LEISURE SERVICES 151 
finding further reinforces the thought that more extensive preparation is needed by persons 
entering parks-recreation. Also, it is clear that those entering recreation programs in private 
or therapeutic settings need less preparation in resource-management functions. The obvious 
contention, that those entering resource-management agencies need preparation in the 
resource-management area, was definitely supported by this finding. 
Scheffe comparisons on the Therapeutic Recreation subscale resulted in the finding that 
competency needs of entry persons in therapeutic-recreation settings are different (and more 
extensive) as compared to those individuals functioning in general-recreation programs. 
Whereas, analysis of variance comparing means of the therapeutic and resource-management 
groups yielded a significant F ratio (P < .05), the difference could not be substantiated by 
the Scheffe procedure. Further research is needed, particularly on this subscale area, to 
determine whether these statistics might have produced a Type II error. 
In summary, four inferences were made. First, compared to the other groups, a greater 
general- and specific-competency need exists for persons entering the field of leisure services 
in combined parks and recreation departments. Second, a relative higher level of competency 
in resource management is needed by persons entering the field in departments responsible for 
resource-management functions. Competency in recreation programming is also needed by 
these persons. Third, a relatively higher level of competency is needed in therapeutic recre-
ation by persons entering the employment of agencies who provide therapeutic-recreation ser-
vices. These persons also need competency in recreation programming. Fourth, a competency 
need exists in recreation programming for persons entering departments providing only recre-
ation services. 
Further analysis is underway toward finding differences in the competency needs of entry 
level employees, based on the specific items of the questionnaire. These results will be re-
ported later. 
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SYRINGEAL HISTOLOGY, IV. PARULIDAE: OVENBIRD, 
Seiurus aurocapil/us, AND MOURNING WARBLER, 
Oporonis philadelphia 1 
Charles J. Ellis2 and Peter Thome 3 
ABSTRACT This report continues the series on syringeal histology with a comparison of 
two parulids-ovenbird and mourning warbler. Although detailed information is presented 
on their histology, none of it varies significantly from previously reported passerine anatomy. 
INTRODUCTION 
This report, another in a series (Ellis, 1973a, 1973b, 1975), contains more passerine ana-
tomical information. Furthermore, some tissue sections contribute to hypotheses concerning 
vibratory qualities of certain syringeal structures suggested earlier (Ellis, 1973a). More exten-
sive data can not be presented because of post-mortem deterioration resulting from collisions 
of the birds with a television transmitting tower. Despite such a limitation this report is pre-
sented to take advantage of the rather rare availability of syringes from these species. 
MATERIALS AND METHODS 
Three ovenbirds (two females, one male) and five mourning warblers (one female, one 
male, three unknown sex) from hundreds of migrating birds collected by persons from the 
Fisheries and Wildlife Biology Section, Department of Zoology and Entomology, Iowa State 
University, were provided. These birds died after colliding in flight with a television tower. 
In some instances considerable delay ensued before the birds were preserved or frozen. As a 
result, specimens showed extensive signs of deterioration. However, comparative study of 
their syringes after removal and sectioning forms the basis of this report. 
Once thawed, syringes were fixed in Bouin 's solution for at least 24 hours. Subsequently, 
they were decalcified for three days in a mixture of 35 ml of formic acid, 35 ml concentrated 
formalin, and 700 ml distilled water. Although all birds were adult, the sex of some could not 
be determined accurately. 
All references to syringeal rings by number are based on the assumption that these rings 
were counted in syringeal midfrontal plane. These counts seem to change, depending upon 
the level of the frontal section, because rings meld at dorsal and ventral terminations. 
Sections were cut at 10 ,um. About 18 sections were mounted per slide so that three 
planes-frontal, transverse, and parasagittal-were represented. Every other slide was stained 
with hematoxylin and eosin, the others with a trichrome. Figures were drawn with the aid of 
a microprojector. 
RESULTS 
Syringes of both genera varied little histologically from passerine syringeal anatomy 
1 This research was supported in part by the Howard K. La Flarnme Memorial Researr.h 
Laboratory, Department of Zoology, Iowa State University, Ames, Iowa 50010. 
2 Associate Professor, Department of Zoology, Iowa State University, Ames, Iowa. 
3 Graduate Student, Department of Zoology, Iowa State University, Ames, Iowa. 
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previously reported (Ellis, 1973a, 1973b, 1975). Some details reported in other birds were 
not observable in these parulids. 
Collision with the tower or impact with the ground seemed to rupture numerous blood 
vessels. Massive numbers of red blood cells (rbc's) were present in some sections, making it 
difficult to determine presence or absence of cilia. In addition to rbc's, cellular debris was in 
the lumina of air passages. 
Following precedent, each syrinx was divided into three major regions (Ellis, 1973a, 
1973b; Fig. 1). Each of these is described below. 
Antepessular Region 
This region terminates caudally Oil syringeal ring # 1. 
Epithelium. This tissue is insignificant in both genera and is almost absent in 
mourning warbler. Its free surface is masked by rbc's and cellular debris; hence, epithelial 
ciliation is not seen. With Mallory's trichrome the basement membrane stains blue. Its 
presence accents the apparent lack of epithelial cells in both birds. 
Lamina propria. This tissue layer, while present, is insignificant. However, its features 
resemble similar tissue reported for other birds (Ellis, 1973a, 1973b). Edema was apparent in 
mourning warbler. 
Syringeal tube. The bony wall of this tube averages about 10 µm in minimal thickness. 
In both species it is an extension of syringeal ring # 1 and the pessulus (Figs. 5, 8, 9, 12, 14), 
and serves as the origin for striated intrinsic syringeal musculature (Figs. 5, 8, 9, 14). 
The tube extends caudally in mourning warbler to the dorsal pessular base even when this 
base is caudal to syringeal ring #4 (Fig. 5). In certain portions of this region in mourning 
warbler, the tube is not solid, but, instead, is composed of overlapping bony rings as in the 
trachea (Fig. 5). These so-called overlapping elements may be parts of syringeal rings juxta-
posed to each other and to pessular terminations. In many sections of ovenbird (Fig. 14) 
this tube is solid, lacking overlapping elements. 
Antepessular-pessular boundary. This boundary is difficult to locate precisely because 
of epithelial deterioration (lack of cilia, primarily). As previously reported for other species, 
it is marked by the change between ciliated ( antepessular) and nonciliated (pessular) epithelium. 
Pessular Region 
Boundaries of this region do not coincide with those previously suggested (Ellis, 1973b) 
for meadowlark. Instead, the pessular region terminates cranially at the approximate level 
(in frontal section) of syringeal ring #1. Caudally, the boundary of the pessular region is 
marked by the caudal ends of the medial tympanic membranes. Because the medial syringeal 
valves and medial tympanic membranes vary in length during sound production, the caudal 
end of the pessular region, and, consequently, the cranial end of the postp·essular region 
must change accordingly. 
Epithelium 
This epithelium, as in other birds, must be described in three parts-pessular, medial, 
and lateral crural aspects. 
Pessular epithelium. This tissue is thin, simple, and squamous in both species. This 
condition probably is artefactual in light of similar epithelia from other species, which are 
ciliated. 
Medial crural epithelium. The cells are simple, squamous and become larger from the 
pessular base caudally. 
Lateral crural epithelium. Of the three parts of the epithelium of the pessular region, this 
one possesses the thickest cells, particularly those on the lateral syringeal valve. 
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Epipessular tunic 
This structure is typically passerine in both genera. Its apical edge (in ovenbird, syringeal 
frontal section) shows minimal epithelium but numbers of collagenous fibers longitudinally 
oriented (Fig. 10). These fibers extend medial to the basement membranes between the 
"pore-like" opening and periosteum of the pessulus. In mourning warbler the histology of 
this tissue is not particularly noteworthy. 
Pessulus 
A cross-section of this bony, dorsoventrally aligned structure forms an isosceles triangle 
at a midfrontal level in each genus. Its size and shape in cross-section varies with the level of 
cut. The site of the pessulus marks the cranial end of each syringt:al crus. In ovenbird its 
terminations meld with syringeal rings and are T-shaped in cross-section (Fig. 13). At some 
levels its base includes nests of hyaline cartilage cells (Figs. 10, 13, 14, 15). The dorsal termi-
nation in ovenbird consists of two, dorsally extending projections to which striated intrinsic 
muscl~s are attached (Fig. 15). 
The pessulus is similar in mourning warbler. Though mainly bony, it possesses cartilagi-
nous wings extending caudally (Fig. 6). The ventral base is not entirely bone on the lateral 
edges of the basal wings. As in ovenbird the pessulus fuses with the syringeal tube and 
syringeal ring #1. Furthermore, its foot extends caudally to the level of syringeal ring 
#4 (Fig. 6). Like ovenbird, mourning warbler's pessulus serves for attachment of striated 
intrinsic muscles (Fig. 5). 
Medial syringeal valves 
Normally these structures extend between pessulus and medial tympanic membranes, 
conforming to passerine anatomy as previously reported (Ellis, 1973a, 1973b). These valves 
exist at certain frontal levels only in ovenbird (Figs. 4, 5, 7). They do not extend fully be-
tween dorsal and ventral aspects of the syrinx, nor do they extend equidistant with the lateral 
syringeal valve. Similar determinations in mourning warbler were not made. 
l\fodial syringeal valves in both birds are trilamellar with two epithelia, associated base-
ment membranes, and a layer of loose connective tissue between (Fig. 12). Crural epithelia 
consist of large cuboid cells with prominent nuclei, similar to those cells in lateral syringeal 
valves. Cells in the intercrural epithelium were flatter than those of the crural epithelium. 
Lateral syringeal valves 
Epithelia of these valves include cells with more cytoplasm than those in other regions 
of the mourning warbler. These cells are not always underlain with a stainable basement 
membrane. This condition exists particularly on the cranial aspects of these valves. 
Epithelial cells covering these valves in ovenbird are intact and slightly basophilic. This 
coloration is less than that in cells of the nearby esophageal lining, for instance. Luminal 
cells on this valve are squamous to cuboid in both birds ; those located more caudal are squa-
mous. Epithelial deterioration is less pronounced in this area than in others in either bird. 
These lateral valves are located on luminal surfaces of syringeal rings #4 in both birds. 
Their composition differs considerably from adjacent tissue. Differentiation of various cells 
and fibers is impossible except in those that accept blue dye in trichrome stain. 
Striated muscle 
In both species the intrinsic musculature (Figs. 17, 18) has similar terminations in frontal 
sections. These muscles in both species originate on the cranial end of the syrinx. Many of 
their fibers insert upon the thin tissue between syringeal rings (Figs. 5, 8, 9, 12, 13, 14). 
Syringeal rings 
Only the second, third, and fourth rings are included in this region. These are bony with 
some cartilage. All syringeal rings support the lateral walls of the syringeal complex, and are 
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obviously paired. The more medial aspects tend to be melded together in a complex 
pattern. 
Postpessu/ar region 
The boundary between this and the pessular region is defined herein as the caudal edge 
of the medial tympanic membranes (Fig. 1). 
Medial tympanic membranes 
These m~mbranes are obvious, quite thin, and similar in size and location to those of 
other passerine birds (Figs. 1, 11, 12, 13, 15). They lie caudal to the medial syringeal valves 
and cranial to the first, medially situated, crural, cartilaginous demiring (Figs. 1, 13). Each 
ovenbird membrane is trilamellar, a thin layer of connect ive tissue between two epithelia 
(crural and intercrural). These membranes extend ventrad in ovenbird to below the level of 
the dorsoventrally aligned portion of the pessulus (Figs. 15, 16). In mourning warbler the 
composition is difficult to determine. 
Lateral tympanic membranes 
These membranes were not seen in either bird . However, between ovenbird syringeal 
rings #3 and #4 (observed only when trichrome dyes were used) a crescentic area oriented 
longitudinally (Fig. 13) was observed. The connective tissue fibers within it course mainly 
lengthwise. 
These fibers and associated cells stain blue, indicating their collagenous nature. The ex-
ternal layer of this structure is formed by epimysium from the ventral, intrinsic, syringeal 
musculature, together with the outer, connective-tissue layer investing syringeal ring #3. 
Epithel ium 
Though this epithelium should be reported in two parts, in both genera of birds examined, 
the epithelium of this region was abnormal, and its composition could not be determined 
accurately. 
Lamina propria 
This tissue does not differ from that further craniad. 
Fifth syringeal ring 
The fifth syringeal ring is included within this syringeal area. It lies with its long axis at 
an angle with the same axis of the , airway or with the longitudinal plane including the other 
rings (Fig. 5) in all sections .&·tudi,ed of both species. The fifth ring in both birds lies immedi-
ately caudal to ring #4 upon which the lateral syringeal valve is located (Fig. 5). 
Crural. ,.rings 
These demirings are C-shaped. The part of each situated in the lateral crural wall is bony; 
the part in the medial wall is either bony or cartilaginous, depending upon the level of cut. 
The incomplete portion of each ring is juxtaposed to the intercrural space. 
lntercrural space 
This space is imprecisely defined as being formed by syringeal crura, pessular base, and 
cranial end of the heart when all structures are viewed in syringeal frontal section. The 
esophagus courses to the proventriculus through this space and its cranial edge may form one 
side of the intercrural space if the heart is not located at that level. 
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lntercrural diverticulum 
This structure lies within the intercrural space and is a diverticulum of an air sac. Its 
cross-sectional configuration was distorted in this study by esophageal encroachment in oven-
bird (Figs. 11, 13, 16). The diverticulum (Fig. 17) is lined with simple, squamous epithelium. 
Compression of this diverticulum by the esophagus resulted in subdiverticula (Figs. 11, 13), 
some of which were nearly filled with rbc's. 
DISCUSSION 
Mourning warbler and ovenbird have typical, passerine syringeal anatomy. The gross 
aspects of intrinsic syringeal musculature are characteristic of certain taxonomic groups 
(Setterwall, 1901). Locations of various valves, membranes, rings (in relation to the bony 
tube), and intercrural diverticulum are all similar for passerines (Setterwall, 1901). These 
locations differ from those of certain nonpasserines such as Coturnix coturnix japonica and 
Gallus domesticus (Ellis, 1973a; Myers, 1917). This histological conformation of these 
structures within the passerine group seems quite similar (Ellis, 1973b; Setterwall, 1901; cf. 
Ellis, 1973a). 
Definitive comments concerning histological sex differences in either Sei.urus or Oporonis 
can riot be made. The size of the bony part of the pessulus in each sex of each genus seems to 
be nearly the same at comparable levels of cut. Differences in composition of various tissues, 
if present, are not apparent. Obviously, before any such differences can be shown, freshly 
killed specimens of comparable age must be studied. Lack of sexual dimorphism, however, 
has been reported in other birds (Portman, 1950). 
Most sections were cut somewhat obliquely to all three planes. Because of this angle 
some figures represent an oblique aspect of some syringeal intrinsic mw~culature. This angular 
sectioning may be used to reconcile figured differences in bone-cartilage content of post-
pessular crural rings at different levels. 
The intimate esophageosyringeal association characteristic of both genera is shown in 
Figs. 7, 8, 11, 13. If the esophagus were lengthened or shortened by its intrinsic smootli 
muscle, tension on medial tympanic membranes would vary accordingly. Furthermore, 
relaxing esophageal muscles would result in the esophagus projecting farther into the inter-
crural diverticulum, thus precluding, at least partially, this portion of an air sac from 
contributing to vibration. 
Although further speculation upon sound production by the syrinx may be futile, exami-
nation of certain slides in this investigation provided further evidence that should be reported. 
For instance, cross-sections of the pessular region indicated the close relationships between 
medial tympanic membranes and the esophagus (Fig. 7). On the assumption that this re-
lationship is normal, hypotheses of sound production became further complicated. As the 
intrinsic muscles move the esophagus, the latter moves the membranes. This action must be 
complex, particularly when the broad frequency range produced by warblers is considered. 
The close proximity of the esophagus to the syrinx suggests that swallowing a bolus 
during sound production might cause modulation. Behavioral studies may clarify the corre-
lation between swallowing and note production. 
If each lateral syringeal valve were moved laterally during sound production, the lumen 
of each crus would be almost, if not entirely, patent. Varying this opening might change 
somewhat the sound produced, thus, movement of the lateral syringeal valve can be postu-
lated. Some slips of intrinsic syringeal muscles, which terminate between syringeal rings #3 
and # 4, insert on the latter (Fig. 13). Were the portions of muscle attached to the cranial end 
of this ring contracted, this end of the ring would move laterally while the caudal end would 
tend either to remain in place. or to move laterally. This apparent "rotation" would pull the 
valve laterally thus opening the syringeal crus allowing more air to pass. The valve would be 
returned by its intrinsic elastic elements to its normal position upon relaxation of the muscle. 
Such suggestions need verification because they are based upon fixed tissue that has undergone 
varying amounts of deterioration. Such verification could best be done by studies of live 
specimens. 
The dorsoventral extent of the medial tympanic membranes, particularly in ovenbird, 
indicate a rath.er large vibratory surface. Because of the esophageal encroachment within the 
intercrural space, sounds generated by these tympanics may be modified. However, the latter 
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extend far enough so that portions of them are presumably outside the limit of such 
encroachment. 
In mourning warbler contraction of intrinsic striated muscle would tend to stretch the 
tissue between syringeal rings #3 and # 4; th us, the tissue might be stretched to form a lateral 
tympanic membrane. Except for this area and this possible condition, no such membrane 
was seen in the lateral wall of the syringeal complex of this bird. Tissue in this space may be 
vibratory because of the termination on it of striated muscle fibers at certain levels(Figs. 5, 
6, cf. 1). 
Absence of lateral tympanic membranes in ovenbird, and in other birds described else-
where, may be substantiated by presence of the thyroid gland and various blood vessels (Figs. 
9, 15, 16). It seems unlikely that these organs with their somewhat loose attachments would 
be in such close proximity to a vibratory surface. Such relationship could involve the po-
tential movement of them onto the surface of any lateral tympanic membrane during organ 
shifts consistent with body movement, and thus dampening any possible "lateral tympanic" 
vibration. However, no such accident could occur with the medial tympanic. The potential 
for such organ dampening of a vibratory surface would render the production of sound by the 
bird rather problematic . Thus, locatiOn of this vibratory surface in such a position seems un-
likely . This deduction together with the histologic display of a nonvibratory area in the lateral 
walls of the syrinx provide evidence for concluding that no lateral tympanic membranes 
exist in ovenbird. Similar evidence is offered for mourning warbler except that the cupshaped 
interannular area found in ovenbird was not seen. 
On the other hand, presence of the cupshaped connect ive tissue area between syringeal 
rings # 3 and #4 in ovenbird , forming a discrete tympanoid structure, may indicate that this 
area vibrates or is capable of controlled vibration. It may serve as a lateral tympanic mem-
brane. No other interannular areas showed a similar aggregation of connective tissue fibers. 
A bronchidesmus separated the esophagus and the trachea (Figs. 2, 3, 4, 5, 7). Such 
tissue was reported in Japanese quail (Ellis, 1973a) and chicken (Myers, 1917). 
The difference between syringeal ring #5 and the cranialmost crural demiring was subtle 
in syringeal frontal sections. The fifth ring, in cross-section, differed slightly in shape from 
crural rings, which were markedly alike. Furthermore, the orientation of the fifth ring varied 
from syringeal ring #4 and crural demiring # 1. The determination of five instead of four of 
these structures was based upon the ring from which the syringeal tube extended (in mid-
frontal section) being syringeal ring # 1, and that all rings situated caudal to it were numbered 
consecutively. Such numbering could become confused because the rings were fused at some 
points. Recognition of this fifth syringeal ring modifies previous reports in this series where-
in only four such rings were mentioned. 
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ANTEPESSULAR REGION 
PESSULAR REGION 
POSTPESSULAR REGION 
Figure 1. Diagrammatic frontal section of a passerine syrinx, showing three major regions applicable to mourning warbler and ovenbird. 
The diagram agrees generally with the type reported earlier (Ellis, 1973a, 1973b ). 
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Figure 2.4 Parasagittal section showing lateral wing of pes.sulus. 
Figure 3. Parasagittal section showing lateral syringeal valve, bronchidesmus, and fusion of 
pessulus with syringeal rings. 
4 Figures 2 through 9 and figure 18 pertain to mourning warbler. 
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x.s. sternal 
esophageal glands 
esophageal lumen 
intrinsic 
Figure 4. Parasagittal section showing relationship among syrinx, esophagus, lung and sternum. 
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Figure 5. Parasagittal section showing overlap of bony syringeal tube sections located dorsally 
and location of dorsal termination of pessulus. 
Figure 6. Frontal section (oblique) showing complexity of syringeal rings and cartilaginous 
wings of pessulus. 
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Figure 7. Cross-section of pessular region of syrinx and esophagus showing bronchidesmus, 
cartilaginous wings of pessulus, and medial tympanic membranes 
Figure 8. Parasagittal section showing linkage between syringeal ring #1 and the dorsal 
cartilaginous pessular wing. 
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Figure 9. Frontal section showing relationships of various parts, particularly that of syringeal 
ring #5; epipessular tunic is not labelled. 
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Figure 10.5 Cross-section (midfrontal level) of pessulus of female, showing details of its 
_____ epithelium. 
5 Figures 10 through 17 pertain to ovenbird. 
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Figure 11. Cross-section of syringeal complex of female (crura in near-frontal section). 
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Figure 12. Midfrontal section of pessular region of female. 
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Figure 13. Cross-section of syringeal complex of female ( crura in near-frontal section) at 
ventral level, showing pessular termination. 
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Figure 14. Frontal-section of syringeal complex of female, showing intrinsic musculature, 
fusion of pessular base with syringeal rings, and proximity of external structures. 
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Figure 15. Frontal section showing composition of medial syringeal valve of male and its relation to lateral valve. 
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Figure 16. Frontal-section cut below level of ventral end of pessnlus, showing proximity of possible site of lateral tympanic membranes to 
thyroid gland, large artery, and extrinsic muscles. 
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Figure 17. A-dorsal aspect of undried syrinx; B-dorsal aspect of dried syrinx; C-ventral 
aspect of dried syrinx, showing esophageosyrineal association. 
a-trachea, b-trachea showing through bronchidesmus, c-left dorsal extension 
of syringeal rings, d-left syringeal crus, e-mass of ventral intrinsic muscles, 
f-intercrural diverticulum, g--esophagus, h-bronchidesmus. 
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Figure 18. A-lateral aspect of mourning warbler syrinx, B-ventral aspect of same syrinx. 
a-intrinsic muscle slip, b-esophagus, c-thyroid, d-left syringeal crus, e-ven-
tral intrinsic muscle mass, f-tracheosyringeal junction with rings showing, 
g-severed blood vessels. 
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EXHAUST EMISSION COMPARISONS AND STATISTICAL 
ANALYSIS BY USE OF LEADED AND NON LEADED GASOLINES 
IN A LARGE VEHICLE FLEET 
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ABSTRACT The objective of this experimental program was to obtain quantitative compari-
sons in terms of exhaust emissions, maintenance costs, and fuel economy between leaded and 
nonleaded gasolines as used in a variety of Iowa State Highway Commission vehicles. 
A 52-vehicle test fleet included tractors, pickup trucks, light-duty (25,000 lb GVW) 
trucks, heavy-duty (36,000 lb GVW) trucks, and a few miscellaneous vehicles. Twenty-two 
vehicles were operated on nonleaded, regular-grade gasoline; 30 were operated on leaded, 
regular-grade gasoline. Each month during fiscal year 1973, field measurements of tempera-
ture, humidity, mileage, air-fuel ratio, and emissions of total hydrocarbons and carbon 
monoxide were recorded for each vehicle under no-load conditions at idle and at 2500 rpm. 
Ten pairs of vehicles were selected from the test fleet. Each pair was matched according 
to type, make, and mileage. The major difference in each pair was fuel-one vehicle used 
leaded fuel, the other used nonleaded fuel. The 10 matched pairs were four pairs of pickups, 
four pairs of light-duty trucks, and two pairs of heavy-duty trucks. These vehicles were tested 
under load conditions of full, 2/3, 1/3, and minimum (except for pickups), all at 2500 rpm 
with a chassis dynamometer. Measurements included air-fuel ratio, intake manifold vacuum, 
temperature, humidity, and both total hydrocarbon (HC) and carbon monoxide (CO) emis-
sions. Exhaust emission samples were also collected in Tedlar bags from the matched-pair 
vehicles during the dynamometer tests as well as the test-fleet vehicles during March and May. 
These bag samples allowed oxides of nitrogen to be determined as well as paraffinic, olefinic, 
and aromatic portions of unburned hydrocarbons. 
Emission measurements yielded statistically significant (95% confidence level) differ-
ences between leaded and nonleaded gasoline. Lower HC and CO emissions generally existed 
for leaded gasoline when the fleet vehicles were tested under no load conditions. However, 
when the matched pair vehicles were tested under full load (at which the vehicles would 
rarely operate), the leaded fuel yielded significantly higher HC emissions for all vehicles and 
higher CO emissions only for pickup trucks. At intermediate loads the differences in emis-
sions are much smaller and no consistent significant differences appear for the vehicles as a 
group. 
Air-fuel ratio adjustment (carburetor and engine adjustment) caused larger differences in 
measured emissions than differences in type of gasoline. No significant differences due to gaso-
line were observed in either maintenance costs, fuel consumption, or residue in oil during the 
course of this study. 
Recommendations from this study are as follows: (1) continue use of leaded fuel in all 
vehicles for which the test fleet and its duty cycle are indicative; (2) establish regular tune-up 
schedules, using exhaust emission equipment; and (3) use certified reference gases to calibrate 
all emission measuring equipment. 
1 Associate Professor, Department of Mechanical Engineering, Iowa State University, Ames, 
Iowa 50011. 
2 Assistant Professor, Department of Mechanical Engineering, Iowa State University, Ames, 
Iowa. 
3 Formerly Graduate Student, Department of Mechanical Engineering, Iowa State University, 
Ames, Iowa, now with Pratt and Whitney, Hartford, Connecticut. 
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INTRODUCTION 
During the 1973 fiscal year experiments were designed and performed to test leaded and 
nonleaded gasoline in actual use with the fleet of vehicles operated by the Iowa State High-
way Commission (ISHC). Of special interest to the ISHC wa environmental pollution (aside 
from lead) as well as the cost of switching to nonleaded gasoline. 
Both the leaded and nonleaded fuels were regular grade gasoline furnished by the 
American Oil Company under their regular contract with the ISHC. The typical research 
octane numbers for the leaded and nonleaded types were 94 and 90, respectively. 
Exhaust Emissions and Their Danger 
Exhaust emissions include unburned hydrocarbons or waste gasoline, carbon monoxide 
(caused by incomplete combustion), and oxides of nitrogen (formed from the combustion of 
gasolines with air as an oxidant). These emissions are important because they produce, in a 
variety of ways, three noxious compounds (1, 2, 3, 4, and 5)*. One of these is peroxyacetal 
nitrate (smog) which is formed from oxides of nitrogen reacting with unburned hydrocarbons 
through energy from sunlight. This pollutant irritates eyes and tissues in the nose, throat, 
and lungs. Another pollutant, nitrogen dioxide, causes lung irritation, and is toxic to plants 
and animals as well as humans (1). It has been shown to cause transient pulmonary-function 
changes in the lungs of animals. The third toxic pollutant is carbon monoxide. Most persons 
are well acquainted with its hazards. The fact that this gas is colorless and odorless increases 
its potential danger. All of these compounds are potentially far more harmful than lead 
because of the ease with which they can be taken into the body through the lungs. This is 
especially true for carbon monoxide, which has an affinity for hemoglobin over 200 times 
higher than that of oxygen (2). 
In the manufacture of some nonleaded gasolines, additives must be put into the mixture 
to replace the lead which acts primarily as an anti-knock agent and secondarily as a lubricant. 
These additives include small amounts of phosphorus for lubricating purposes which could 
result in emission of phosphorus compounds that are potentially harmful to health. Appro-
priate testing has not yet been reported concerning the effects of such phosphorus compounds. 
Justification of This Study 
To complicate the situation further there are some conflicting reports concerning the 
advantages and disadvantages of using nonleaded fuel. Statistical analysis and presentation of 
results have been inadequate; thus, one cannot ascertain whether differences reported are 
significant or not. Much of the existing data are for passenger cars or fleets of automobiles 
(6, 7, 8, and 9). Very little information is available for trucks or large fleets of vehicles such 
as those of the Iowa State Highway Commis.sion, which includes tractors, pickup trucks, 
light- and heavy-duty trucks, as well as passenger cars. 
Complete details of the work summarized in this paper are available in the final report 
(10) of project HR-1002 of the Iowa State Highway Commission. 
OBJECTIVES 
The main objective of this experimental program was to obtain quantitative comparison 
between leaded and nonleaded gasolines as used in a variety of Iowa State Highway Commis-
sion vehicles. This quantitative comparison was to be made in terms of exhaust emis.sions of 
unburned hydrocarbons (HC), carbon monoxide (CO), oxides of nitrogen (NOx), maintenance 
costs, and fuel economy. 
Other objectives of this study were to establish appropriate methods of calibrating and 
checking the instrumentation used in the exhaust emission measurements, and establish 
appropriate statistical methods of recording and analyzing the data pertaining to the main 
objective. 
*Numbers in parentheses refer to articles listed as references at the end of this paper. 
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DESIGN OF THE EXPERIMENT 
Test Fleet Vehicles 
A 52-vehicle test fleet selected for this study included tractors, pickup trucks, light-duty 
trucks, heavy-duty trucks, and a few miscellaneous vehicles.* From the test fleet 22 vehicles 
operating on nonleaded gasoline and 25 vehicles operating on leaded gasoline were available 
for testing on a regular monthly basis. 
Measurements and Testing Scheme 
Each month during the experiment (August through May) measurements of temperature, 
humidity, mileage, air-fuel ratio, and emissions of total hydrocarbons and carbon monoxide 
were recorded for each vehicle under no-load conditions at idle and 2500 rpm. 
Temperature and humidity were measured by use of a sling psychrometer, air-fuel ratio 
was measured by a Sun 1120 Electronic Engine Tester, and the total hydrocarbons (HC) and 
carbon monoxide (CO) were measured by a Sun Exhaust Emission Tester 910 (EET910). 
Measurements of CO and HC with the EET910 were obtained by nondispersive infrared 
detection (NDIR). 
Before any emission measurements were made, the air-fuel ratio at idle on each vehicle 
was adjusted to a reference value. This reference value was the air-fuel ratio obtained when 
the vehicle had last been adjusted (tuned-up) to the manufacturer's recommendations. 
Bag Sample Procedure and Analysis 
On several occasions exhaust gas samples were collected in Tedlar bags for laboratory 
analysis to determine oxides of nitrogen, total unburned hydrocarbons, types (paraffins, 
olefins, and aromatics) of hydrocarbons, and to obtain checks on air-fuel ratio and carbon 
monoxide emissions. 
Bags constructed of Tedlar were selected based on the results of work done by Papa et al. 
(11), who determined that bags of Teflon and Tedlar had essentially no effect on the compo-
sition of the exhaust-gas sample over a period of 3 hours. Thus, bags constructed of Tedlar 
were deemed necessary for sample collection in these experiments. 
The oxides of nitrogen were determined in accordance with ASTM Designation 
D1608-67. This is the phenol-disolfonic acid procedure for measuring the concentration of 
total oxides of nitrogen (except N02 ) expressed as nitrogen dioxide (N02 ) in parts per 
million (ppm) by volumes. 
Total unburned hydrocarbons and types of hydrocarbons were determined from the bag 
sample by the technique of Soulages and Brieva (12). This method uses a gas chromatograph 
with flame ionization detection (Fill). The aromatic and olefinic hydrocarbons are selective-
ly retained by two chemical absorbents while the saturates (paraffins) pass unabsorbed 
through the gas chromatograph. 
The reason for determining the fraction of total unburned hydrocarbons of each type 
(paraffins, aromatics, and olefins) is because the smog-forming potential of an exhaust hydro-
carbon mixture has been found to depend upon the composition of the mixture. Jackson 
(13) pointed out that with reactivity differences among exhaust hydrocarbons greater than 
6000 to 1, an increase, decrease, or no change in smog-forming potential is conceivable, 
depending on the hydrocarbon type, even though the total hydrocarbon concentration may 
be decreased. 
Jackson listed relative reactivities for a large number of hydrocarbons. The paraffin 
group ranges from 0.0 to 1.86 with an average relative reactivity of 1.5. The aromatics 
range from 0.56 to 8.64 with an average calue of 3.5, and the olefins have relative reactivities 
ranging from 2.50 to 52.9 with an average value of 9.7. Thus, amounts of the various type 
*The difference between light-duty trucks and heavy-duty trucks is based on Iowa State 
Highway Commission interpretation and not the Environmental Protection Agency definition 
of 6000 pounds gross vehicle weight. The light-duty vehicles were 4 x 2 dump trucks of 25,000 
gross vehicle weight classification ; the heavy-duty trucks were 4 x 4 dump trucks of 36,000 
gross vehicle weight. 
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of hydrocarbons in the exhaust gases as well as total amount of unburned hydrocarbons are 
important in determini>J.g the harmful aspects of this air pollutant. 
The check on air-fuel ratio and carbon monoxide emissions was done by using an Orsat 
analyzer-assuming a hydrocarbon fuel-and by calculating a carbon-hydrogen ratio. 
Matched Pair Vehicles 
Ten pairs of vehicles were selected from the initial test fleet. Each pair was matched ac-
cording to type, make, and mileage, with the major difference in each pair being fuel. One 
vehicle of the pair used leaded fuel; the other used nonleaded fuel. The 10 matched pairs 
included 4 pairs of pickups, 4 pairs of light-duty trucks, and 2 pairs of heavy-duty trucks. 
Measurements and Testing Scheme 
These matched pairs were tested under load conditions on a chassis dynamometer. The 
loads for which emission data were obtained included full, 2/3, and 1/3, all at 2500 rpm. 
Data for minimum load* (typically 15 to 29% of full load) at 2500 rpm were also obtained 
for all vehicles except the pickups. Measurements recorded included load, air-fuel ratio, 
intake manifold vacuum, temperature, humidity, and both total hydrocarbon (HC) and carbon 
monoxide (CO) emissions. In addition exhaust-gas samples were collected in Tedlar bags for 
laboratory analysis of total oxides of nitrogen, total hydrocarbons (FID), types of hydro-
carbons, and carbon monoxide. 
Data Collection and Analysis 
The data-collection and analysis techniques were the same as those previously described 
for the Test Fleet. 
Fuel Economy and Maintenance Costs 
Operating data from selected vehicles in the Test Fleet were recorded and analyzed to 
determine any variation in fuel economy and maintenance costs that resulted from the type 
of gasoline used. 
Miscellaneous Tests 
Several miscellaneous tests were included to support and fulfill the primary objective of 
this experiment. Included in these miscellaneous tests were gasoline samples taken at each 
location and oil samples taken when the vehicle oil was changed. 
The gasoline samples were analyzed by running a gasoline distillation test on each 
sample in accordance with ASTM Designation D86-61, determining the Reid vapor pressure 
in accordance with ASTM Designation D323-58, and determining the API gravity of the 
gasoline. In addition the fractions of saturates, olefin, and aromatic hydrocarbons in each 
gasoline sample were determined. This test was performed with the gas chromatograph 
method, which was previously described under the Test Fleet testing.scheme. 
The oil samples were filtered to determine the amount of particulate matter in the 
sample in accordance with ASTM Designation F313-70. This standard was modified (size of 
sample used was reduced) to accominodate the difference in the amount of particulate 
matter contained in used crankcase oil as compared to hydraulic oils (for which this standard 
applies). 
Results of these miscellaneous tests are not included herein but are given in detail in 
reference 10. 
*Minimum load is the load placed on the engine by the residual dynamometer resistance 
(both electromagnetic and mechanical). The vehicle does not carry any payload in this 
situation. 
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MEASUREMENT UNCERTAINTY OF EXHAUST EMISSIONS 
Unburned Hydrocarbons 
The Sun EET910 measures unburned hydrocarbons (HC) and carbon monoxide (CO). 
Even though this device had an internal calibration system, use of certified gases for cali-
bration was found to be more reliable. The uncertainty of this tester when calibrated with 
certified gases is estimated to be ± 20 ppm for HC measurements. Thus, the relative error in 
HC measurements is much higher at the lower levels of HC emissions. For example, the 
uncertainty is greater than ± 10% when emissions are below 200 ppm while the uncertainty 
is ± 2% at an emission level of 1000 ppm. Gas chromatograph comparisons for a variecy 
of certified gases and sampled exhaust gases were also accomplished. Except for the 
differences between flame ionization detection (gas chromatograph) and nondispersive infra-
red detection (EET910), the comparisons were within ± 10%. 
Carbon Monoxide 
Carbon monoxide measurements by the Sun EET910 were compared to values obtained 
from an Orsat analyzer. The samples used for comparison were obtained from a Kohler engine 
located in the Mechanical Engineering Laboratory at Iowa State University as well as from the 
bag samples taken in the field. Agreement was generally within ± 0.2% for the bag samples 
and ± 5% on the Kohler engine. These differences in uncertainty were due to the different 
sampling techniques. From these checks we concluded that the uncertainty in carbon 
monoxide measurements by the Sun EET910 was within ± 5%. 
Oxides of Nitrogen 
The main deviation from the test procedure stated in ASTM Designation D-1608 was 
that samples were collected in Tedlar bags in the field. These samples were then returned to 
the laboratory for analysis. The exhaust gas samples were then transferred from the Tedlar 
bags to an evacuated flask for the analysis described in ASTM D-1608. 
On several occasions duplicate runs were made to check on our procedure. On almost 
all of these duplicate runs the second run was within 5% of the first, which was the expected 
repeatibility using this procedure as applied to exhaust gases from automotive engines. 
STATISTICAL ANALYSIS TECHNIQUE FOR EMISSION DATA 
Test Fleet Vehicles 
Statistical analysis of all data was performed by standard analysis of variance techniques 
(14, 15, and 16). Such an analysis indicates the significant factors that cause variations in the 
data. 
Preliminary Statistical Model 
Initially, the Test Fleet data were analyzed according to the following statistical model: 
where 
Yijkl ==µ+Fi+ Sj .+ Tk + (FS)ij + (FT)ik + (ST)jk + (FST)ijk + eijkl (1) 
Yijkl =measured variable (HC, CO, or A/F), 
µ =true value of the variable being measured with no effect due to any of the 
following treatments, 
Fi = effect or treatment caused by the fuel, 
Sj = effect or treatment caused by the speed, 
Tk = effect or treatment caused by the type of vehicle, 
(FS)ij =interaction effect of fuel and speed , 
(FT)ik= interaction effect of fuel and type, 
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(ST)jk = interaction effect of speed and type, 
(FSThjk =interaction effect of fuel, speed, and type, 
€ijkl = measurement error and effect for which one cannot account with the 
statistical model chosen. 
Preliminary Statistical Results 
Results from analysis of variance (ANOV) using the above model are tabulated in 
Table 1. 
Conclusions from the Test Fleet analysis of variance are made by comparing the 
calculated F values to the critical F values in Table 1. If F calculated is larger than F critical, 
the effect is significant. The critical F values are obtained from an F table at the desired 
confidence level. A 95% confidence level means that one would be stating conclusions with 
95% probability or 20:1 odds of having the correct conclusion. Pertinent conclusions at the 
95% confidence level are the following: 
1. Speed, type, and fuel (in order of importance) all have significant effects on both 
HC and CO emissions. 
2. Speed and type are the only significant variables affecting air-fuel ratio. (This 
agrees with what we know to be physically true.) 
Table 1. Test fleet analysis of variance (all vehicles). 
Measured 
variable 
HC 
(NDIR) 
co 
A/F 
Source of 
variation 
F 
s 
T 
FxS 
FxT 
SxT 
FxSxT 
ERROR 
F 
s 
T 
FxS 
FxT 
SxT 
FxSxT 
ERROR 
F 
s 
T 
FxS 
FxT 
SxT 
FxSxT 
ERROR 
Sums of Degrees of 
squares freedom 
l.231E 5 1 
2.126E 6 1 
l.714E 6 3 
2.922E 4 1 
2.952E 5 3 
5.804E 5 3 
6.184E 4 3 
l.319E 7 864 
l.241E 1 1 
9.105E 1 1 
4.602E 2 3 
3.538E-1 1 
8.676E 2 3 
l.087E 2 3 
l.272E 1 3 
l.206E 3 864 
2.900E-1 1 
l.564E 2 1 
2.694E 2 3 
6.000E-2 1 
5.350E 0 3 
8.710E 0 3 
7.200E-l 3 
9.863E 1 864 
F F 
calculated critical 
8.07 3.84 
139.28 3.84 
37.44 2.60 
1.92 3.84 
6.45 2.60 
12.68 2.60 
1.35 2.60 
8.89 3;84 
65.22 3.84 
109.86 2.60 
0.25 3.84 
20.71 2.60 
25.96 2.60 
3.04 2.60 
2.54 3.84 
137.00 3.84 
78.66 2.60 
0.52 3.84 
15.62 2.60 
25.42 2.60 
2.10 2.60 
Legend : F = fuel HC unburned hydrocarbons 
S = speed co carbon monoxide 
T = type A/F air-fuel ratio 
l.319E 7 = 1.319 x 107 
FxS = fuel -speed interaction 
FxT = fuel-type interaction 
SxT = speed-type interaction 
EXHAUST EMISSION COMPARISONS AND STATISTICAL ANALYSIS OF GASOLINES 179 
3. Significant speed-type and fuel -type interactions occur on HC, CO, and air-fuel 
ratio (A/F). 
Final Statistical Model 
Since type is the one variable common to all main and interaction effects in Table 1, it 
is evident the data should be analyzed separately by type of vehicle to avoid most of the 
interactions noted. This result agrees with the thought that each vehicle type has a different 
use as well as duty cycle upon which the observed emissions should depend. Consequently, 
the data for each vehicle type were separately analyzed according to the following statistical 
model: 
Yijk= Fi+ sj + (FS)ij + Eijk (2) 
The terms in this equation have the same meaning as previously described for equation (1). 
Inclusion of the analysis of variance tables for each vehicle type is precluded from lack 
of space. However, conclusions from these analyses of variances (ANOV) tables are included 
as appropriate in the RESULTS section on the following pages. In addition, several analysis 
of covariance (ANCOV) results are also included. 
Analysis of Covariance 
Analysis of covariance is an attempt to correct emission data or to ascertain effects of 
uncontrolled variables on emission measurements. Such uncontrolled variables affecting the 
fleet data include temperature, humidity, mileage (or aging of the vehicle), and air-fuel ratio. 
Hours of engine operation were used instead of mileage for the aging effects on tractors. 
These variables used for the correction are called covariant factors and the resulting analysis 
is called analysis of covariance. In this case the statistical model changes to 
Yijkl =(analysis of variance terms previously listed)+ L;f3m Xm (3) 
where the x's are the covariant factors and the {3's are correction coefficients determined in 
the analysis of covariance procedure. 
Matched Pair Vehicles 
For the matched pairs, em1ss1on data for each vehicle type were analyzed both by 
analysis of variance (ANOV) and analysis of covariance (ANCOV). In this case the measured 
variables were unburned hydrocarbons (HC), carbon monoxide (CO), and oxides of nitrogen 
measured as N02. The covariant factors used were temperature, humidity, barometric 
pressure and air-fuel ratio. Mileage was not used as a covariant factor since the vehicles were 
matched both on the basis of make (Dodge, Chevrolet, etc.) and mileage (age). The ANOV 
and ANCOV models are respectively given as 
Yijld = µ +pi+ Fj + Lk + (FL)ij + Eiikl 
Yijkl = µ +Pi+ Fj + Lk + (FL)jk + L; f3mXm + Eijkl 
where 
(4) 
(5) 
Yijkl =measured variable (HC, CO, or N02, for example) 
µ =true velue of the variable being measured with no effect due to any of the 
following factors, 
Pi =effect caused by differences in vehicle pairs 
Fj =effect caused by differences in fuels 
Lk = effect caused by differences in loads 
(FL)jk = interaction effect of fuel and load 
Xm =covariant factors (temperature, humidity, barometer, and air-fuel ratio) 
f3m =correction coefficient determined by analysis of covariant procedure 
Eijkl = measurement error and effect for which one cannot account with the 
statistical model; 
Conclusions from these ANOV and ANCOV are included in the RESULTS section where ap-
propriate. 
180 HALL, BATHIE, VAN METER, and HERRIN 
RESULTS 
Test Fleet Vehicles 
Test Fleet Emission Data 
The specific differences in HC, CO, and A/F measurements and how they are affected 
by speed and type of fuel are given by the average values of data obtained during the course 
of this investigation. These averages are listed in Table 2, which shows the emission of HC 
and CO to be generally lower at 2500 rpm than at idle, regardless of the fuel type. It is also 
apparent that the effect of speed on emissions of HC and CO is more significant than effect 
of fuel type. 
Table 2. Fleet vehicle averages of effect of engine speed on emissions for each fuel. 
HC and CO by NDIR 
Nonleaded fuel Leaded fuel 
Vehicle 
type 
Pickup 
Idle 
HC CO 
(ppm) (%) A/F 
68.5 . 1.3 14.0 
Light duty 218.1 2.6 13.6 
Heavy duty 243.6 2.2 13.6 
2500 rpm Idle 2500 rpm 
HC CO HC CO HC CO 
(ppm) (%) A/F (ppm) (%) A/F (ppm) (%) A/F 
40.2 0.4 14.2 . 55.5 1.2 13.9 64.7 0.2 14.0 
77.4 1.5 14.1 115.5 2.2 13.6 40.7 0.6 14.3 
80.0 1.0 14.1 288.0 3.0 13.5 81.3 2.1 13.8 
Tractor 306.6 3.6 13.4 134.1 3.6 13.5 216.1 2.1 13.6 89.1 2.8 13.7 
Conclusions for the Test Fleet data where all vehicles are tested at no load conditions 
are as follows: 
a. HC and CO emissions are generally significantly lower for leaded gasoline than for 
nonleaded gasolines. 
b. Air-fuel ratio is highly important in affecting all emissions measured. 
c. Differences in air-fuel ratio among vehicles cause larger differences in measured 
emissions than do differences in gasoline. 
Consequently, engine tune-up is probably the most important factor affecting these emission 
results. · 
Test Fleet ANOV and ANCOV 
Conclusions from analysis of variance of the Test Fleet Data are as follows: 
a. Engine speed is the most important factor affecting HC, CO, and A/F measure-
ments on all vehicles. 
b. Type of fuel is significant for HC, CO, and A/Fon light-duty trucks and tractors. 
c. Type of fuel is significant for CO and A/Fon pickups and heavy-duty trucks. 
d. Fuel-speed interactions are significant in affecting HC and CO on pickups and 
light-duty trucks. 
The following general items were noted by comparison of analysis of variance results 
with analysis- of covariance results: 
a. Analysis using all covariant factors of air-fuel ratio, temperature, humidity, and 
mileage yields essentially the same results as the analysis of variance. 
b. The covariant analysis using only air-fuel ratio as a covariant factor decreases the 
effect of the differences in gasolines. 
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Special Test Fleet Emission Data 
The March and May emission samples from the Test Fleet were collected in Tedlar bags 
for laboratory determination of hydrocarbons and oxides of nitrogen by techniques 
previously described. These data are hereafter referred to as Special Test Fleet data and the 
resulting averages are presented in Tables 3 and 4. 
The summary of data in Table 3 and 4 includes oxides of nitrogen as N02 , gas-
chromatograph analysis of hydrocarbon types contained in the total unburned hydrocarbon. 
In these tables HCl, HC2, HC3, and HCT represent, respectively, the fractions of paraffins, 
aromatics, and olefins and total unburned hydrocarbons obtained from gas chromatograph 
analysis of exhaust samples. The variables HC, CO, N02, and A/Fare the same as previously 
described. From these tables the folloWing items are apparent: 
a. HCl (paraffin) portion of HCT is lower at 2500 rpm than at idle, regardless of 
gasoline. HCl is higher for leaded gasoline than nonleaded gasoline. This was 
expected because of the higher percentage of saturates in leaded gasoline, and 
agrees with the work of Sorem (17). 
b. HC2 (aromatic) portion of HCT is higher at 2500 rpm than at idle, regardless of 
gasoline. HC2 is lower for leaded gasoline than nonleaded gasoline. Thus, HC2 is 
opposite to the variation of HCl. 
c. HC3 (olefin) portion of HCT is virtually no different at 2500 rpm than at idle. 
HC3 is higher for leaded gasoline than nonleaded gasoline. Thus, leaded gasoline 
would tend to be more reactive toward smog formation because of this constituent. 
d. HCT is higher at idle than at 2500 rpm, regardless of fuel type. No consistent 
difference exists in favor of leaded or nonleaded gasoline. 
e. Emissions of HC and CO are higher at idle than at 2500 rpm whereas N02 emission 
is lower at idle than at 2500 rpm. No consistent differences exist in favor of leaded 
or nonleaded gasoline. 
Special Test Fleet ANOV and ANCOV 
Conclusions from the analysis of variance and the analysis of covariance of the Special 
Test Fleet Data are as follows: 
a. HC3 (olefin) portion of HCT depends on type of gasoline. 
b. HC2 (aromatic) portion of HCT depends mainly on type of gasoline and second-
arily on engine speed (RPrv!). 
c. HCl (paraffin) portion of HCT depends mainly on engine speed and secondarily 
on type of gasoline. 
d. HCT depends primarily on engine speed for all vehicles except pickups, and second-
arily on fuel only in light-duty trucks. 
e. Emissions of HC, CO, and N02 depend mainly on engine speed for all vehicles. 
f. A/Fis significantly affected by engine speed for all vehicles. This item should show 
up statistically since it is physically true. 
Matched Pair Vehicles 
Matched Pair Emission Data 
The specific differences in HC, CO, and N02 measurements for the Matched Pair 
Vehicles and how they are affected by load, vehicle type, and fuel are given by average 
values listed in Tables 5 through 6. These tabulations show that HC and CO emissions are 
affected by load for all vehicle types for both fuels. HC and CO first decrease consistently 
from full load to about 1/3 load, then increase from 1/3 load to minimum load. The N02 
emissions are reversed from this-that is, the N0 2 emissions increase from full load to about 
1/3 load, then decrease from 1/3 to minimum load. 
... 
Table 3. SQecial fleet* vehicle averages** of .effect of engine s12eed on emissim1s for each fuel. oc ~ 
Nonleaded fuel Leaded fuel 
Idle 2500 rpm Idle 2500 rpm 
Vehicle HCT HCT tlCT HCT 
type HC1 % HCf % HC3 % (ppm) HC1 % HC2 % HC3 % (ppm) HC1 % HC2 % HC3 % (ppm) HC1 % HC2 % Hc3 % (ppm) 
Pickup 33.3 34.9 31.7 157.8 25.2 44.3 30.5 84.8 42.9 22.3 34.8 243.1 43.5 24.3 32.1 106.8 
Light duty 34.6 36.2 29.1 381.3 26.7 43.2 30.1 138.6 40.1 23.4 36.5 237.4 32.4 32.9 34.7 96.0 
Heavy duty 40.6 33.1 26.4 533.5 28.0 43.1 28.8 176.5 41.5 17.9 40.5 446.0 29.9 21.9 48.1 277.1 
Tractor 35.9 36.9 27.2 413.4 27.8 44.0 28.2 280.2 39.2 21.8 39.0 415.2 27.2 26.5 46.3 229.0 
*March and May data 
**HC1 HC2 , HC3 , and HCT by FID 
Table 4. S12ecial fleet* vehicle Averages** of effect of eng!ne s12eed on emissions for each fuel. 
Nonleaded fuel Leaded fuel 
= 
Idle 2500 rpm Idle 2500 rpm F 
Vehicle HC** CO N02 HC** CO N0 2 HC** CO N02 HC** CO N02 = > 
type (ppm) (%) (ppm) A/F (ppm) (%) (ppm) A/F (ppm) (%) (pP,m) A/F (ppm) (%) (ppm) A/F ~ 
Pickup 63.3 1.7 28.5 13.9 36.7 0.5 117.7 14.1 145.0 1.8 22.5 13.8 74.0 0.2 144.2 14.1 ~ 
< 
Light duty 224.4 3.2 24.4 13.6 89.1 1.8 123.9 14.0 126.3 2.6 18.0 13.7 39.4 0.7 104.1 14.4 ~ 
s:: 
191.2 2.8 13.4 91.1 3.3 53.5 13.5 
trj 
Heavy duty 16.5 13.5 86.2 1.3 163.5 14.1 239.2 3.7 10.0 ~ trj 
~ 
Tractor 276.6 3.8 36.9 13.5 128.4 3.4 232.5 13.6 213.7 2.9 38.5 13.5 71.2 2.6 255.6 13.8 Ill 
= Q. 
*March and May data ~ **HC by NDIR ~ 
tT1 
Table 5. Matched vehicle averages of effect of load on emissions for nonleaded fuel at 2500 rpm. >< ::i:: 
> 
N onleaded fuel c::: (/) 
.....i 
Full load 2/3Joad 1/3 load r..1inimum load tT1 §5 
(/) 
Vehicle HC* N02 HC* N02 HC* N02 HC* N02 
(/) 
0 type (ppm) CO(%) (ppm) (ppm) CO(%) (ppm) (ppm) CO(%) (ppm) (ppm) CO(%) (ppm) z 
n 
Pickup 102.5 5.4 806.5 56.9 1.7 1499.6 31.9 0.9 1369.1 0 ... . .. . .. ~ 
"ti 
Light duty 91.2 5.0 726.8 51.9 1.5 1336.5 43.8 1.7 930.1 53.l 2.4 415.9 > ~ 
(/) 
Heavy duty 125.0 5.8 680.8 '57.5 1.1 1704.5 51.3 1.1 1663.3 62.5 1.3 1169.5 0 z 
(/) 
*HC by NOIR > z 
tl 
Table 6. Matched vehicle averages of effect of load on emissions for leaded fuel at 2500 rpm. (/) 
.....i 
> 
r • .....i 
-L Leaded fuel (:;; 
... .. . 1· 
.....i 
Full load 2/3 load 1/3 load Minimum load n > 
: r 
Vehicle HCif' N02 HC* N02 HC* N02 HC* N02 > z 
type ' (ppm)' CO(%) (ppm) (ppm) CO(%) (ppm) (ppm) CO(%) (ppm) (ppm) CO(%) (ppm) > r 
-< (/) 
Pickup 133.8 6.3 392.6 76.2 1.7 1155.6 52.5 0.9 1716.0 ... ... . .. (:;; 
0 
Light duty 103.8 4.7 731.4 46.9 0.7 1412.1 45.0 0.8 916.0 50.6 1.0 648.9 'Tl Cl 
> 
Heavy duty 160.0 4.4 816.3 60.0 2.0 1460.0 71.3 1.3 2006.0 85.0 2.0 1529.5 (/) 0 
r 
*HC by NDIR z tT1 
(/) 
.... 
00 
c...i 
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Matched-Pair ANOV and ANCOV 
Conclusions from the analysis of variance are the following: 
a. Load is the most important factor affecting HC, CO, and N02 emissions measured 
on the matched-pair vehicles. 
b. For a given type of vehicle (pickup, light duty, or heavy duty), the differences 
among pairs (Dodge, Chevrolet, etc.) are important but less significant than load in 
affecting HC and CO emissions. 
c. Differences in pairs were only significant in affecting N02 emissions on the light-
duty vehicles. 
d. The effect of fuel yields significantly higher HC emissions with leaded fuel for 
pickups and heavy-duty trucks as well as lower CO emissions for light-duty trucks. 
There is no significant effect of fuel on HC emissions from light-duty trucks and no 
significant effect of fuel on CO emissions from pickups and heavy-duty trucks. 
The oxides of nitrogen, expressed as N02 , are not affected by fuel. 
Analysis of covariance yields no significant effects caused by differences in fuel when 
air-fuel ratio is included as one of the covariant factors. This result seems to indicate that if 
all vehicle engines could be operated at an identical air-fuel ratio, the differences in gasoline 
would have no effect on any of the measured emissions. However, differences in load (full, 
2/3, 1/3) and matched pairs (Dodge, Chevrolet, etc.) would still significantly affect the HC, 
CO, and N02 emissions. 
Additional Matched Pair Results 
During April additional testing and analysis were performed on the matched-pair vehicles 
such that hydrocarbon types in the unburned hydrocarbons could be ascertained and oxides 
of nitrogen as N02 could be rechecked. Analysis of variance of this data presented in Tables 
7 and 8 yielded the following conclusions: 
a. HCl (paraffin) portion of HCT is significantly affected primarily by changes in the 
load and secondarily by differences among matched pairs of vehicles. 
b. HC2 (aromatic) portion of HCT is mainly affected by differences among matched 
pairs of vehicles and secondarily by load. Fuel is of importance only for pickups. 
(Recall that fuel significantly affected this portion of HCT in the Test Fleet.) 
c. HC3 (olefin) portion of HCT is mainly affected by differences among matched 
pairs of vehicles. 
d. HCT is mainly affected by load and secondarily by differences in matched pairs of 
vehicles. 
e. HC and CO are mainly affected by load. Differences in matched pairs are important 
only for light-duty trucks. Differences caused by fuel are not significant. 
f. N02 is mainly affected by differences in matched pairs and secondarily by load. 
Conclusions for Matched Pair Vehicles 
General conclusions from the Matched Vehicle data are that no consistent numerical 
differences in HCl, HC2, HC3, HCT, or N02 were observed to be caused by differences in 
gasoline. However, HC was higher under load for the leaded gasoline as compared to nonleaded 
gasoline. Tables 5 and 6 reveal this effect to occur mainly under full load conditions (under 
which the vehicle would rarely be operated). At lower loads HC emissions were lower and the 
differences between leaded and nonleaded gasoline were much smaller. No consistent trend 
was noted for CO emission in terms of gasoline differences. However, it must be noted that 
even with these differences in averages of the measured emissions they were not statistically 
significant at the 95% confidence level. Thus, difference in gasoline was not generally im-
portant in causing the differences in measured emission of the matched-vehicle pairs. Items 
such as differences in air-fuel ratio and engine tune-up are far niore effective than gasoline in 
causing significantly different emissions among these vehicles. 
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Table 7. Matched vehicle averages* of effect of fuel on emissions for all loads (April data). 
Nonleaded fuel Leaded fuel 
V ~hicle type HC(ppm) CO(%) N02 (ppm) HC(ppm) CO(%) N02 (ppm) 
Pickup 73.8 2.91 1407.2 101.2 3.14 1216.8 
Light duty 64.1 2.88 561.9 69.7 1.84 656.1 
Heavy duty 80.6 2.22 1347.2 95.0 2.19 1418.1 
*Matched vehicle averages in the above tables are for loads of full, 2/3, 1/3, and minimum 
(except for pickups) at 2500 rpm, HCT by FID, HC by NDIR. 
Table 8. Matched vehicle averages* of effect of fuel on types of hydrocarbons in unburned 
hydrocarbon at all loads (gas chromatograph analysis of unburned hydrocarbons 
for April data). 
Nonleaded fuel Leaded fuel 
HCl HC2 HC3 HCT HCl HC2 HC3 HCT 
Vehicle type (%) (%) (%) (ppm) (%) (%) (%) (ppm) 
Pickup 26.1 29.3 44.6 194.3 30.0 25.7 44.3 276.8 
Light duty 29.7 43.8 26.9 164.9 28.1 42.1 29.8 176.8 
Heavy duty 26.0 19.3 54.7 194.6 29.9 15.0 55.1 226.2 
*Matched vehicle averages in the above tables are for loads of full, 2/3. 1/3. and minimum 
(except for pickups) at 2500 rpm, HCT by FID, HC by NDIR. 
Fuel Economy 
Table 9 summarizes the comparison of fuel consumption for the Test Fleet Vehicles 
used in this study. The slight differences between leaded and nonleaded gasoline consumption 
for each vehicle type are not statistically significant at the 95% confidence level. Since the 
cost of leaded fuel is 2 cents per gallon less than nonleaded fuel, the savings in fuel cost if the 
use of leaded fuel were continued would be significant. 
Table 9. Comparison of fuel consumption for test fleet vehicles. 
Vehicle type- Nonleaded Leaded 
Pickup (miles/gallon) 11.43 11.11 
Light duty (miles/gallon) 5.85 5.93 
Heavy duty (miles/gallon) 2.69 2.98 
Tractor (hours/gallon) 0.64 0.69 
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Maintenance Costs 
At the outset of this study we recognized that a period of one year would probably be 
insufficient time for any statistically significant differences in maintenance costs to be de-
tected. As suspected, no significant differences were noted that could be attributed to the 
cliff erences in gasolines. 
GENERAL CONCLUSIONS AND RECOMMENDATIONS 
Emission measurements yielded statistically significant (95% confidence .level) differ-
ences between leaded and nonleaded gasoline. Lower HC and CO emissions generally existed 
for leaded gasoline when the fleet vehicles were tested under no-load conditions. However, 
when the matched pair vehicles were tested under full load (at which the vehicles would rarely 
operate), the leaded fuel yielded significantly higher HC emissions for all vehicles and higher 
CO emissions only for pickup trucks. At intermediate loads the differences in emissions are 
much smaller and no consistent significant differences appear for the vehicles as a group. 
Air-fuel ratio adjustment (carburetor and engine adjustment) caused larger differences 
in measured emissions than differences in type of gasoline. 
Recommendations from this study are that the Iowa State Highway Commission (1) 
continue use ofleaded fuel in all vehicles for which the test fleet and its duty cycle are indica-
tive, (2) establish regular tune-up schedules using exhaust emission equipment, and (3) use 
certified reference gases to calibrate all emission-measuring equipment. 
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REMOTE SENSING OF IOWA'S AGRICULTURAL RESOURCES 
BY USING THE ERTS-1 SATELLITE 1 
R. E. Carlson2 and T. E. Fenton 3 
ABSTRACT This paper reports initial results of an investigation directed towards the 
utilization of satellite imagery (ERTS-1) in soils and crops research. Specifically, soil asso-
ciation mapping and cropland inventory aspects pertinent to Iowa are discussed. Examples 
are presented to illustrate temporal aspects of ERTS-1 imagery. 
INTRODUCTION 
On July 23, 1972, the National Aeronautics and Space Administration (NASA) launched 
into orbit its first Earth Resources Technology Satellite (ERTS-1) designed specifically to 
monitor and investigate the natural resources on earth. ERTS-1 weighs approximately 1 ton 
and was placed in a polar orbit 570 miles above the surface of the earth. The satellite orbits 
the earth once every 103 minutes, the orbital path progressing westward above the rotating 
earth such that every 18 days ERTS-1 covers the entire earth. This means that the satellite 
passes over the same spot on earth at the approximate same hour every 18 days, thus providing 
repetitive coverage of an area (Fig. 1) (NASA, 1971). 
ERTS-1 was initially equipped with two types of sensing systems; early technical diffi-
culties, however, required one system to be shut down. The remaining system is a multi-
spectral scanner (MSS), which senses solar energy reflected from the earth's surface in four · 
wave-length regions-two visible and two near infrared. These data are transmitted to surface 
receiving stations in the United States where the data are processed into either photographic 
products or computer compatible digital tapes. An example of this imagery covering a portion 
of central Iowa is shown in Figure 2. Each ERTS-1 photograph is approximately 115 miles 
on each side covering more than 10,000 square miles. The details of this photograph will be 
discussed later. 
The natural resources of Iowa are a current concern to many individuals in various 
agencies throughout Iowa. The increasing stresses placed on the limited natural resources 
present require methods by which these resources can be accounted. In addition, it is desired 
that the conservation, development, and use of these resources should be managed so that 
adequate supplies can be produced, marketing efficiency can be improved, adjustments from 
new technology can be facilitated, and the capacity to disseminate new knowledge can be 
improved. Recent developments in remote sensing techniques lend themselves as tools to 
achieve these ends. For this reason a group of researchers at Iowa State University represent-
ing interests in forestry, crops and soils, plant pathology, land use, and photographic services 
submitted a proposal to NASA in 1970 to assess the capability of ERTS-1 as a vehicle to 
provide this type of information. Specifically, we were interested in obtaining current crop-
land and forestland inventories, soil association maps, land-use planning aids, and assessments 
of adverse stresses in crops. This proposal was accepted, and ERTS-1 imagery has been received 
by this group since October, 1972. 
1 Journal Paper No. J-8045 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa. Project No. 1997. This work was partly supported by Grant NAS5-21839, 
National Aeronautics and Space Administration. 
2 Associate Professor of Agricultural Climatology, Department of Agronomy, Iowa State 
University, Ames, Iowa 50010. 
3 Professor of Agronomy, Department of Agronomy, Iowa State University, Ames, Iowa. 
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ENTIRE FR.Al\~E (CENTRAL-WEST CENTRAL IOWA) 
May 10, 1973 MSS7 Image #E-1291-16335 
Figure 2. Black and white enlargement of MSS7 ERTS-1 coverage of central and west-central 
Iowa on May 10, 1973. Dark areas are mostly actively growing vegetation, towns, 
and some roads. Grey and light areas correspond to fields at various stages of early 
season tillage. White areas indicate water, lakes.and rivers. 
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In addition to the satellite imagery NASA provided low-level imagery of various formats 
three times during this investigation over four test sites in Iowa. The purpose of this low-level 
imagery was to establish what was present on the surface so that correlations could be made 
with what was actually perceivable on the ERTS-1 imagery. The low-level imagery was of the 
following formats: 9-inch regular color and color infrared positive transparencies, 4 sets of 
black and white 4 1h-inch transparencies filtered to wavelength regions compatible with some 
of the ERTS-1 imagery, and black and white transparencies representing the thermal infrared. 
Before directing attention to specific results of this investigation, some general observa-
tions concerning ERTS-1 imagery are appropriate. 
1. As previously stated, ERTS-1 approximately covers the same area on earth one 
time every 18th day. This creates a problem of acquiring cloud-free imagery. 
Even the -presence of thin cirrus clouds or atmospheric impurities reduces the 
resolution or clarity of the imagery. 
2. Experience with ERTS-1 imagery over the entire year has shown that certain wave-
length bands of the MSS reveal different types of information, depending upon the 
date (Carlson et al., 1974) (compare Figs. 2, 3, 5, and 7). (From this point forward, 
each wavelength band of the l\ifSS will be noted as follows: MSS4-0.5-0.6 microns 
(µ), MSS5-0.6-0.7 µ, MSS6-0.7-0.8 µ, MSS7-0.8-l.1 µ.) Indeed, depending upon 
the time of year, some wavelength bands provide very little information. This 
occurs when objects on the surface reflect energy of a given wavelength nearly 
equally so that little contrast is observed. 
3. Because ERTS-1 is orbiting from an altitude of 570 miles above the surface, 
resolution is a problem when the investigator is looking at small objects that show 
little contrast with their surroundings. At the same time, however, ERTS-1 adds 
another dimension by allowing an investigator the freedom of having access to the 
broad synoptic character of the area in question. This point is illustrated in Fig. 4 
where a mesaic of the entire state of Iowa is presented. This figure will be 
discussed later. 
IDENTIFICATION AND INVENTORY OF IOWA CROPLAND 
BY USING ERTS-1 IMAGERY 
The 1972 Crop Growing Season 
Three areas with differing soils and cropping patterns in Iowa were selected for experi-
mentation. These test sites were located in Lyon, Boone, Story, and Buchanan counties. In 
addition, other areas have been examined as new ERTS-1 imagery was received. The inter-
pretive techniques used to date are as follows: 
1. Direct enlargement and examination of 70 mm positive transparencies. 
2. Additive color procedures by use of the F S miniadcol system located at and with 
the permission of the Iowa State Geologic Survey - Remote Sensing Center at Iowa 
City, Iowa. 
3. Direct utilization of computer compatible digital tapes. 
Ground-truth data have been acquired at these test sites for later correlation with the condi-
tions indicated on the ERTS-1 imagery. The crop types of interest in this study have been 
corn, soybeans, oats, alfalfa, and pasture. 
Initial analysis of the first ERTS-1 imagery received was quite discouraging because 
this imagery was of poor quality as a result of atmospheric haze and of recording the imagery 
in the later portion of the crop-growing season. Later we acquired imagery covering each of 
the three test sites during August of 1972. This imagery was of good quality and essentially 
cloud-free. 
The first part of this investigation was directed toward determining whether field types 
of interest could be separated visually on the black and white enlargements. The spectral 
response of fields visible on the ERTS-1 imagery in the Ames area was visually examined and 
classified. This revealed that corn and soybeans could be separated by using MSS5 andMSS7 
recorded in August, but there were some misclassifications. To further verify these results, 
118 randomly selected points were placed in the 12-section, Ames test site. Another photo-
interpreter (PI) classified these points with the previously established spectral response based 
on black and white enlargements of l'v1:SS5 and MSS7. The results are given in Table 1. It can 
REMOTE SENSING BY USING THE ERTS-1 SATELLITE 
September 11, 1973 
ENTIRE FRAM:E (NORTH EAST IOWA) 
MSS5 
193 
Image #E-1415-16202 
Figure 3. Black and white enlargement of MSS5 ERTS-1 coverage of northeast Iowa on 
September 11, 1973. Dark areas are towns, roads, and some stubble and plowed 
fields. Grey areas are generally fields with actively growing vegetation. Light areas 
correspond to heavily wooded areas. 
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Table 1. Error analysis of field type classification for 118 randomly placed points in the 
twelve section Ames flightline using August - 1972 ERTS-1 MSS5 and MSS7 black 
and white enlargements. 
Total 
Ground Truth seen by Commission 
,...; Soybeans Corn Other P.I. Error Percent 
vir.h . 
,;:; E-< Soybeans 48 6 0 54 6 11.1 
~ g§ Corn 12 39 1 52 13 25.0 
~ E 
;:... 0 Other 0 2 10 12 2 16;7 
p... .t: 
Total Plots 60 47 11 
Omissions 12 8 1 
Percent 80.0 83.1 90.8 
be seen that the percentage of correct classification was quite high , but some points were 
misclassified. Analysis of the Doon flightline in Lyon County gave similar results. 
Point field identification yields little useful information; therefore, more meaningful 
acreage estimates were attempted in the Ames and Doon areas by using the previously 
established black and white visual spectral signature. Acreage estimates of corn and soybean 
fields were obtained with a project-trace-cut and weigh procedure. This technique is rather 
crude and tedious. Therefore, it can only be used for relatively small areas. The ERTS-1 
imagery was projected onto a flat surface, and the fields of interest corresponding to an 
expected spectral response were traced. These fields were then cut out, weighed, and con-
verted to acreages by using an adjacent calibration strip. The August imagery projected, 
traced , cut, and weighed was of various formats including miniadcol-produced color slides, 
photomicrographs, and black and white enlarged prints. Acreage estimates of corn and 
soybean fields in the 12-section Ames area were quite good, but further analysis indicated that 
compensating errors may have occurred. These misclassifications resulted from (1) failure 
to achieve registration of the two ERTS-1 bands, MSS5 and MSS7; (2) failure to recognize 
small fields and, also, some large fields that were predominantly long and narrow; (3) failure 
to discern shades of black and white on the projected imagery ; and (4) failure of some fields 
to follow the previously established spectral response (e.g., corn fields were sometimes con-
fused with some pasture and oats stubble fields , and soybean fields were occasionally con-
fused with some uncut alfalfa fields) . 
These results for the Ames and Doon flightlines were not completely satisfactory, but 
immediately to the east of the Doon flightline in O'Brien county, the ERTS-1 imagery was 
quite sharp and detailed on both MSS5 and l\lrSS7 (Fig. 5). Acreage estimates were obtained 
for selected townships as before and were compared with the estimates provided by the Crop 
Reporting Service (CRS). The results presented in Table 2 show that differences in the 
acreage estimates existed between townships and methods used, but that the errors are not 
too large. Unfortunately, no real ground truth was available for this area except that provided 
by the Crop Reporting Service. 
From the analysis of the 1972 ERTS-1 imagery, we concluded that single date, multi-
spectral coverage of an area by using l\!fSS5 and MSS7 does not allow a complete visual separa-
tion of all crop types. Therefore, during the 1973 crop-growing season, emphasis has been 
placed on the establishment of a temporal, multispectral classification scheme. The reason 
for this emphasis is that it is extremely difficult and time consuming to achieve acreage 
estimates over large areas with visual techniques. If unique, spectral differences can be found 
between crop types, then computer-compatible digital tapes can be acquired. The computer 
can be programmed to examine point-by-point each bit of information and readily yield 
acreage estimates (Baumgardner, 1973). 
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EARTH RESOURCES TECHNOLOGY SATEWTE 
SPRll\IG 1973 MSS7 
Figure 4. Black and white MSS7 ERTS-1 springtime (1973) mosaic of Iowa. 
The 1973 Crop Growing Season 
ERTS-1 successfully viewed three test sites during 1973 at critical times with respect to 
crop development. Only limited coverage was achieved at the test site at Independence in 
Buchanan county because of cloud cover occurring during the ERTS-1 orbital coverage. 
Ground truth identifying field types for the O'Brien County, Lyon County, and Ames test 
sites were completed by using the NASA-provided underflight coverage and ground-level field 
examination. By use of MSS bands and coverage dates showing most detail, the visual .black 
and white response of these fields was recorded. These results are graphically depicted in 
Fig. 6. The ERTS-1 imagery for the 12-section Ames test site used in this analysis is illustrated 
in Fig. 7. In addition the aerial photograph in Fig. 8 includes four sections of the Ames test 
site. The field designations are given in Table 3 by section, and these four sections are noted 
in Fig. 7. In the discussion following, Table 3 and Fig. 8 may be used by interested readers 
in concert with the ERTS-1 imagery presented in Fig. 7. 
Figure 6 shows that alfalfa and pasture fields were separable from oats, corn, and soy-
bean fields by use of May 10, 1973, MSS7 imagery (Fig. 7-A - alfalfa and pasture appear dark). 
This was a major separation problem with the single-date coverage provided during 1972. 
This separation occurs because actively growing vegetation strongly reflects near-infrared 
radiation when compared with plowed and stubble-covered fields. Seemingly, and verified by 
examination of low-level underflights imagery, most oats fields had not developed a, good 
canopy at this date. This is partly attributed to later-than-normal planting because of an 
excessively wet early season in 1973, so this response difference may not always be true 
during other seasons. 
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Table 2. Soybean acreage estimates for eight townships in O'Brien County, Iowa, using 
three different methods. 
Township 
Franklin 
Lincoln 
Summit 
Center 
Omega 
Grant 
Liberty 
Waterman 
Differences in the % of land covered by soybeans as estimated by ERTS-1 
photography and CRS esti_mates 
CRS-estimate 
CRS-estimate from CRS-estimate from from projected· 
lVIiniadcol color slides projected B&W prints photomicrographs 
-00.8 -01.4 -D3.4 
00.7 03.2 00.0 
12.8 01.7 
11.3 05.9 02.2 
07.1 01.7 
09.o 00.7 00.9 
07.1 00.2 04.9 
04.8 00.3 
xdif 06.7 01.9 02.3 
Table 3. Ground truth for sections 9, 10, 15 and 16 as illustrated in Figure 8. 
Crop type 
Corn 
Soybeans 
Alfalfa 
Oats 
Pasture 
Section 
9 
10 
15 
16 
9 
10 
15 
16 
9 
10 
15 
16 
9 
10 
15 
16 
9 
10 
15 
16 
Field n um her 
201, 101 and 204 
302, 201, 403, 405 and 505 
203, 302, 508, 403, 501, 207, 304, 104, 510 and 504 
101, 303, 501, 402, 103, 301, 305 and 505 
102, 202, 203 and 205 
203, 503, 102, 301, 404 and 401 
303, 102, 505, 201, 205, 503, 401, 404 and 402 
302, 102, 201 and 401 
Small plots on the Agronomy Farm 
402 and 504 
202 
None present 
Present on the Agronomy Farm, but not designated 
101and410 
206 
None present 
Small plots on the Agronomy Farm 
202 and 409 
101, 301, 509 and 405 
None present 
Further examination of Fig. 6 shows that the response for oats fields on July 2, 1973, 
MSS7 imagery (Fig. 7-B), is level three indicating full canopy development. A visual separa-
tion of soybean and corn fields is partly achieved with MSS7 at this time. This visual 
separation is not complete and probably depends upon the planting date, degree of crop 
development, and ground cover attained by each crop at that date, but visual separation at 
this date is encouraging. An accurate crop inventory must be attainable early in the growing 
season to be an effective decision-making parameter. 
The visual black and white spectral corn and soybean field responses for August 26, 
1973, MSS7 imagery (Fig. 7-C), separate very well. MSS5 (Fig. 7-D) provides additional 
needed information because roads, towns and some stubble fields, oats, and alfalfa appear 
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IMAGE # E-1022-16380 Al.iGUST 14, 1973 
Figure 5. Black and white enlargement of MSS5 and MSS7 ERTS-1 coverage for O'Brien County, Iowa. See text for black and white object 
description for each MSS band. Sporadic white dashed lines on MSS7 correspond to MSS system failures. 
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Figure 6. Graphical depiction of visually determined black and white responses of five field types at the Ames test site during 1973 by using MSS5 ~ 0 
and MSS7. z 
A. MAY 10, 1973 AMES AREA . MSS7 
IMAGE-#E-1291-16335 
D. AUGUST 26, 1973 AMES AREA MSS5 
IMAGE #E-1399-16323 
B. JULY 2, 1973 AMES AREA MSS7 
IMAGE #E-1344-16273 
C. AUGUST 26, 1973 AMES AREA MSS7 
IMAGE #E-1399-16323 
Figure 7. Black and white enlargements of MSS bands 5 and 7, covering the 12 section Ames test site on three dates during 1973. 
The 12 sections are highlighted with the location of sections 9, 10, 15 and 16 indicated in part D. 
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dark when compared with other field types. This is a very important consideration if auto-
matic computer classification procedures are employed. Magnetic tapes of ERTS-1 imagery 
for these dates have been requested and partly received, but the analysis of these tapes is only 
beginning. 
In addition to the analysis of enlarged black and white prints, the miniadcol color 
additive system located at the Iowa Geologic Survey - Remote Sensing Center at Iowa City 
has been used for some selected ERTS-1 imagery. This procedure involves the differential 
addition to registered ERTS-1 imagery, light filtered to specific colors. For example, a color 
infrared rendition is produced by applying blue, green, and red light to registered MSS band 
4, 5, and 7, respectively. Unfortunately, an illustration of this color product cannot be 
presented in this paper. A field color response for three different dates at the Lyon County 
test site is presented in Table 4. Actively growing vegetation appears red on this product. 
Pasture, alfalfa, and forested areas are red or diffuse red on May imagery. Corn, soybean, 
and oats fields do not give this red appearance until later in the growing season after their 
respective canopies develop and cover the soil surface. Note the change in field color response 
from right to left as the growing season progresses. This is especially true for oat fields. 
Also, note the change in field color for alfalfa between May 30 and June 16. Evidently, five 
of the alfalfa fields had been harvested by June 16. Color separations achieved in this manner 
are important. This indicates that the same separations should be attainable with automatic 
computer processing. 
LOW ALTI TUDE COVERAGE OF A PORTI ON OF THE AMES TEST SITE. 
ALTITUD E - 10, 000', SENSOR - KA- 62, FILM/ FILT ER - 2424/ 898 
Figure 8. Black and white enlargement of low-altitude, NASA-provided imagery flown on 
August 10, 1973 covering sections 9, 10, 15 and 16 of the Ames test site. Field 
numbers are indicated within each section. The Agronomy Farm lies in the upper 
left hand corner and crop types are not designated in that area because of small 
plot sizes. 
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Table 4. Color response of five crop types in the Doon flightline as viewed on projected 
Miniadcol produced color infrared slides for three sequential dates in early 1973. 
Number of fields 1 
Diffuse Diffuse 
Date Crop Type Red Red Dark White White 
May 11 corn 0 1 46 0 0 
soybeans 1 2 10 1 0 
pasture 8 0 0 0 0 
alfalfa 9 4 0 0 0 
oats 2 9 1 5 4 
May 30 corn 0 0 28 21 0 
soybeans 1 0 7 7 0 
pasture 2 6 0 0 0 
alfalfa 11 4 0 0 0 
oats 5 16 0 0 0 
June 16 corn 0 5 44 0 0 
soybeans 0 2 9 1 0 
pasture 5 3 0 0 0 
alfalfa 3 7 0 3 2 
oats 13 8 0 1 0 
1 Number of like fields may differ between dates because of cloud cover. 
Another aspect of the color-additive procedures discussed is that imagery of different 
dates can be processed by using various MSS bands and color-filter combinations. This occurs 
because fields have different, temporal spectral responses. Although not presented here, this 
has been used in the Ames area to accentuate drainage patterns. Again, if color differences 
become evident with this analysis procedure, digital tapes can be used to achieve these same 
separations automatically with proper pattern recognition classifiers. 
No acreage estimates have been attempted at this date by using the 1973 growing season 
imagery. The authors feel that this will be most readily accomplished by automatic computer 
processing of digital tapes. The visual analysis of ERTS-1 black and white and color pro-
ducts will continue to be used to establish the proper pattern recognition classifier necessary 
to attain maximum crop-type separation. The effectiveness of the ERTS-1 satellite for ob-
taining crop inventory estimates remains to be determined, but the multispectral, temporal 
coverage provided during the 1973 crop-growing season seems promising. Results of this type 
have been reported by Morain (1974). In the final analysis, resolution and complete spectral 
separation of field types may continue to be a problem, but these points remain to be shown. 
SOIL ASSOCIATION MAPPING USING ERTS-1 IMAGERY 
Discussion of the state ERTS-1 springtime mosaic 
The soil association map shown in Fig. 9 was constructed by using the state mosaic (see 
Fig. 4) and photographically transferring soil lines from an existing map. Imagery used to 
construct the mosaic was MSS7, acquired in May and June of 1973. Areas of the state to be 
used for intensive row-crop production had been cultivated and lacked significant vegetative 
growth during this time period. These areas are very light colored on the imagery and are 
closely related to the soil association lines. Other areas are varying shades of grey, except 
bodies of water, which are white. 
Soil association lines were photographically transferred to the ERTS imagery from an 
available map prepared from another base. A comparison of Fig. 10, which shows the original 
forest cover in the state of Iowa at the time of the original land survey, with the ERTS base 
soil association map shows the high correlation among imagery response, vegetative cover, 
and soil association areas. 
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Figure 9. A black and white enlargement of .M-887 ERTS-1 imagery covering Iowa during 
May and June of 1973 and assembled into a state mosaic. The principal soil associ-
ation areas of Iowa are superimposed. 
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Selected soil as.sociation areas and their characteristics as they relate to the patterns on 
the association map will be discussed briefly in the following paragraphs. More detailed 
discussions of these areas are given by Oschwald et al. (1965 ). 
AGH (Adair-Grundy-Haig) and ASE (Adair-Seymour-Edina) 
These areas have a thin loess cover over a dissected till plain. The Seymour and Grundy 
soils have developed in loess and have dominant slope gradients of 2 to 9%. Edina and Haig 
soils occur on broad upland flats and have also developed in loess. Slope gradients range from 
0 to 2%. These areas are more intensively utilized for row-crop production because oflackof 
erosion problems. The loess buries a part of the glacial till landscape. Adair and Clarinda 
soils are exhumed paleosols and are the most stable parts of the old buried landscape. They 
are not widely used for intensive row-crop production because of unfavorable physical and 
chemical properties. At elevations lower than the areas where the paleosols outcrop, hill-
slopes are cutting into deposits of Kansan glacial till and, in some areas, Nebraskan till. 
Erosion hazard due to slope gradient limits the use of these areas for row-crop production. 
According to the Conservation Needs Inventory, more than half the area is used for 
cropland. Corn and other feed grains are the principal crops grown. Areas used for cropland 
are primarily the loess areas and the less steeply sloping till areas. About one-fourth of the 
area is in pasture, and about 10% is in woodland. The lighter colored areas represent essen-
tially bare fields prepared for row-crop planting. The darker areas represent areas of vegeta-
tion, and in these areas the land use would be primarily permanent pastures, pasture and hay, 
and (or) timber. Because of the limitations related to topography, the patterns, also, are a 
reflection of the landscape characteristics of the area. 
CNW (Clarion-Nicollet-Webster) 
This soil association area occurs in north-central Iowa and occupies all or parts of 29 
counties. It extends northward into Minnesota. In Iowa this association is the most exten-
sive soil area occupying about 20% of the state. In general the topography is nearly level to 
gently sloping. Closed depressions are common in the area and result from the lack of develop-
ment of an integrated drainage net on the geologically young glacial deposit. Native vegeta-
tion of the area was primarily prairie gras.ses. The most extensive areas of trees border the 
major streams. The pattern of tree growth is shown clearly along the Des Moines River, which 
is approximately in the center of the area. Comparison of the ERTS-1 imagery with the 
original forest cover map of Iowa shows the forest cover still present in the corner joining 
Winnebago, Worth, Hancock, and Cerro Gordo counties. 
GPS (Galva-Primghar-Sac) 
This association occurs in all or parts of 11 counties in northwestern Iowa and covers 
about 7% of the state. Loess deposits cover most of the upland. Loess thickness decreases in 
the eastern part of the area and is thickest in the western and southwestern parts. Wisconsin-
age glacial till outcrops near the base of some slopes in the eastern part of the area, and 
Kansan till outcrops in similar landscape position in the western part of the area. Native 
vegetation was prairie grass. 
About 80% of this soil association is used for cultivated crops. The long, gentle, uniform 
slopes of the area are well suited to intensive row-crop production, but the average annual 
rainfall of less than 28 in. limits yields in many years. 
KFC (Kenyon-Floyd-Clyde) 
This soil association area occupies about 10% of the state and occurs in 21 counties in 
northeastern Iowa. General topography of this area is nearly level to gently rolling. The land-
scape is an erosion surface complex cut into Kansan and (or) Nebraskan till. Swell and swale 
topography is common in many parts of the area. Native vegetation was primarily prairie 
grasses, but trees are still present along stream valleys and in other areas. More than 75% of 
the area is in cropland with corn and other feed grains as the major crops. This intensity of 
land use is shown by the light colm; pattern of MSS7 on the association map. 
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TM (Tama-Muscatine) 
The Tama-Muscatine soil association occurs in four separate areas in central and east-
central Iowa. Total area occupied by this soil association is about 7% of the state. Loess 
thickness varies from approximately 5 to 25 ft in the area. A high percentage of the soils 
occurs on nearly level to gently sloping topography in fairly large uniform areas. Intensive 
row-crop production is a characteristic of much of the area. The soils in the area are some of 
the most productive in the state. In the large area of TM east of the southern part of the 
Cary Lobe (CNW), the topography consists of rounded gently sloping divides, moderately to 
sloping side slopes, and narrow valleys. These topographic differences approximate the 
boundaries of the Iowan Erosion Surface. The effect of this topography on land use is readily 
apparent when this area is compared with the nearly level to gently sloping areas to the north 
in the same soil association area. 
Soil association mapping In central Iowa by using ERTS-1 imagery 
The enlargement of the ERTS-1 imagery to a scale of 1:250,000 is shown in Fig. 11. 
More detailed soil association lines for Boone County in central Iowa are superimposed on the 
imagery. The Des Moines River flows north to south through the approximate center of the 
county. The darker areas on the valley walls and on uplands adjacent to the stream are due 
primarily to the forest cover in these areas. Other areas of the county that have similar pat-
terns are generally not used for intensive row-crop production. The lighter colored areas are, 
in general, more intensively utilized. Note the correspondence of this imagery to the original 
forest cover (Fig. 10). 
General recommendations 
From the example cited, we conclude that the ERTS-1 imagery acquired at the proper 
season of the year is an excellent base for soil association maps at scales that range up to 
1:250,000. Also, land use in general terms can be interpreted from the imagery with a 
minimum of effort. For example, the most extensive areas prepared for row-crop planting in 
May-June 1974 are generally in the northern half of the state. More specific interpretation 
concerning the types of crops and their extent was discussed earlier in this paper. 
Analysis of the underflight imagery of various formats obtained as a part of this project 
are in progress. This imagery is being evaluated in terms of its use in operational soil-survey 
programs. 
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Figure 11. A black and white enlargement of MSS7 ERTS-1 imagery covering central Iowa in 
May of 1973 with soil association lines superimposed. 
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CONTENT PREPARATION OF BIOLOGY, CHEMISTRY, 
AND PHYSICS TEACHERS IN IOWA PUBLIC HIGH SCHOOLS 
Lynn W. Glass1 
ABSTRACT. The subject-matter preparation of all biology, chemistry, and physics teachers 
in Iowa public high schools for the 1971-1972 academic year was examined to (1) ascertain 
the current level of content preparation for these teachers, and (2) determine if the biology, 
chemistry, and physics teachers of Iowa are being prepared in a manner that is in accord with 
the recommendations of the profession. It was found that 41.3 percent of the biology teachers 
did not have either an undergraduate or graduate major in the subject matter in which they 
were teaching. The results of the study suggest that empirical evidence is needed concerning 
the preservice, subject-matter preparation of secondary-school science teachers. 
INTRODUCTION 
The assignment of teachers to areas of instruction in relationship to their individual 
academic backgrounds has concerned educators for many years. Anderson and Van Dyke 
(1963) summarized much of the literature when they wrote: 
It is hardly necessary to repeat that all teachers should be assigned to their major 
subject fields . Teachers have a greater confidence if they know they are adequately 
prepared in their subject than if they have to struggle to keep a chapter ahead of th~ 
students, not an unusual experience for teachers who are improperly assigned (1,p.337). 
Guideline IV of a recent publication of the American Association for the Advancement of 
Science and the National Association of State Directors of Teacher Education and Certifi-
cation states: 
The teacher education program should require the prospective (secondary school) 
science teacher to attain broad minimum competencies in several fields of science and 
technology and high levels of competencies in an appropriate teaching specialty (9, 
p . 13). 
Science teacher certification standards have improved gradually during the past ·two 
decades. Standards within Iowa vary greatly because of the approved program practice of 
teacher certification. This practice permits each college and university that is preparing 
teachers to develop and to file a program with the State Department of Public Instruction., A 
minimal program of 24 semester hours in science with a minimum of 12 hours in the area, of 
specialization (i.e., biology, chemistry, or physics) must be established by each college or 
university seeking permission to prepare secondary-school science teachers. Once a program 
is approved, the college or university-not the State Department of Public Instruction-be-
comes responsible for determining who will be granted a teaching certificate. 
This study was undertaken to ascertain the nature of the content preparation of all 
biology, chemistry, and physics teachers in Iowa public high schools during the 1971-1972 
school year. 
PROCEDURE 
The sample included all persons teaching at least one section of biology, chemistry, or 
physics in an Iowa public school during the 1971-1972 school year. The data came from the 
1 Assistant Professor of Education, Iowa State University, Ames, Iowa 50011. 
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Iowa Professional School Employee Data (IPSED) form on which all public school teachers 
list their undergraduate and graduate majors and their current teaching responsibilities. The 
Iowa Department of Public Instruction has gathered evidence that substantiates the accuracy 
of the information derived from the IPSED forms. It can be concluded from this evidence 
that errors or deviations on the forms are the exception, and are not significant in their effect 
upon the total data validity. 
RESULTS 
Persons with academic majors in 25 different areas were teaching high-school biology in 
Iowa during the 1971-1972 school year (Table 1). Health and physical education majors 
account for nearly one-half of all of the nonmajor biology teachers.2 The next largest group 
Table 1. Number of Iowa Public School Biology Teachers Without an Undergraduate or 
Graduate ~.lfajor in Biology by School Enrollment Size-1971-1972. 
K-12 School Enrollment 
500- 750- 1000- 1500- 2000-
~.lfajor <500 749 999 1499 1999 2999 3000> Total 
Business Ed. 1 1 2 4 
English 1 1 1 1 1 5 
N[athematics 2 2 1 1 2 4 12 
Health & 
Physical Ed. 33 36 33 26 14 16 33 191 
Chemistry 2 2 4 1 9 18 
General Science 9 10 7 7 2 2 18 55 
Physical Science 2 1 2 2 1 3 11 
Physics 1 1 2 
Geography 2 2 
History 1 2 2 3 3 11 
Psychology 1 1 2 4 
Other Social 
Sciences 2 7 2 2 1 1 3 18 
Agriculture 3 4 3 1 1 2 14 
Homemaking 8 2 2 1 6 19 
Ind us trial Arts 3 3 
Secondary 
Education 1 1 1 1 3 7 
Junior High 
Education 1 1 2 2 6 
Elementary 
Education 2 1 1 1 3 5 13 
Other a 1 1 1 2 1 1 7 
Total 68 71 55 49 23 35 101 402 
a Includes one person in each of the following areas : Accounting, Speech, Special Education, 
Economics, Political Science, Sociology, and Religion. 
2 For the purpose of this study the term "nonmajor" is used to designate a teacher who does 
not have a major in the area he is teaching. 
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of nonmajors consists of general science majors, who account for approximately 13.5% of the 
nonmajor biology teachers. Schools of all sizes are employing teachers with a wide variety of 
majors to teach biology. Larger school districts tend to employ a higher percentage of biology 
majors to teach biology than do the smaller school districts ; however, over 41% of the 
biology teachers in Iowa do not have an academic major in biology (Table 2). 
Table 2. Comparison of Iowa Public School Biology Teachers with an Undergraduate or 
Graduate Major in Biology to Non biology Majors by School Enrollment Size-
1971-1972. 
Number of Biology Teachers 
K-12 
school majors and percentage 
enrollment nonmajors majors nonmajors nonmajors 
<500 146 78 68 46.5 
500-749 154 83 71 46.0 
750-999 112 57 55 49.0 
1000-1499 110 61 49 44.5 
1500-1999 65 42 23 35.4 
2000-2999 108 73 35 32.4 
3000> 278 177 101 36.3 
Total 973 571 402 41.3 
Because of the great diversity within physical science programs and titles of said programs 
filed by colleges and universities, all persons who were teaching chemistry or physics and 
declared a physical science major were considered to be teaching in their major fields. Two-
thirds of the nonmajor chemistry teachers have majored in either biology (46%) or general 
science (20%). Chemistry teachers represent majors in 18 areas other than chemistry or 
physical science (Table 3). In the two smallest school-size categories, over 70% of the chemis-
try teachers do not have chemistry majors (Table 4). . The relatively high percentage of non-
major chemistry teachers drops to approximately 40% in schools with over 1,500 students 
enrolled in grades K-12. Despite the tendency for large schools to employ a relatively high 
percentage of chemistry majors as chemistry teachers,60% of the chemistry teachers in Iowa 
do not have a major in chemistry or physical science. 
In recent years physics teachers have received the brunt of the criticism in discussions 
concerned with the content preparation of science teachers. These data do not support this 
criticism. The difference between the number of nonphysics majors and nonchemistry majors 
teaching in their respective disciplines is relatively small. The majority (85%) of the non-
major physics teachers majored in the following four areas: 25% mathematics, 23% biology, 
19% general science, and 18% chemistry. Physics teachers have majors in 17 areas other than 
physics or physical science (Table 5 ). The larger schools tend to employ a higher percentage 
of physics or physical science majors to teach physics than do the smaller schools. W4en the 
entire state is considered, 66% of the physics teachers do not have a major in either physics 
or physical science (Table 6). 
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Table 3. Number of Iowa Public School Chemistry Teachers Without an Undergraduate or 
Graduate Major in Chemistry or Physical Science by School Enrollment Size-1971-
1972. 
K-12 School Enrollment 
500- 750- 1000- 1500- 2000-
Major <500 749 999 1499 1999 2999 3000> Total 
Music 1 1 
Math 8 6 2 2 1 2 21 
Health & 
Physical Ed. 4 4 2 2 12 
Biology 47 30 19 14 4 6 12 132 
General Science 10 19 7 7 3 5 8 59 
Physics 6 3 5 3 2 2 21 
History 1 1 2 1 5 
Psychology 1 2 1 4 
Other Social 
Sciences 2 2 
Agriculture 6 4 1 1 1 13 
Homemaking 1 2 3 
Ind us trial Arts 2 2 1 1 6 
Secondary 
Education 2 1 3 
Othera 2 1 2 5 
Total 86 78 35 32 11 14 31 287 
alncludes one person in each of the following areas: English, Engineering, Geography, 
Sociology, and Junior High Education. 
Table 4. Comparison of Iowa Public School Chemistry Teachers with an Undergraduate or 
Graduate Major in Chemistry or Physical Science to Nonchemistry or Nonphysical 
Science Majors by School Enrollment Size-1971-1972 
K-12 Number of Chemistn: Teachers 
school majors and percentage 
enrollment nonmajors majors nonmajors nonmajors 
<500 114 28 86 75.3 
500-749 110 32 78 70.9 
750-999 67 32 35 52.2 
1000-1499 57 25 32 56.2 
1500-1999 28 17 11 39.3 
2000-2999 35 21 14 40.0 
3000> 72 41 31 43.0 
Total 483 196 287 59.5 
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Table 5. Number of Iowa Public School Physics Teachers Without an Undergraduate or 
Graduate l\lfajor in Physics or Physical Science by School Enrollment Size-1971-72 
K-12 School Enrollment 
500- 750- 1000- 1500- 2000-
.Major < 500 749 999 1499 1999 2999 3000> Total 
Mathematics 24 17 12 7 2 6 6 74 
Health & Physical 
Education 4 3 1 2 1 11 
Biology 21 18 lJ 9 4 4 3 70 
Chemistry 12 9 14 9 4 4 3 55 
General Science 18 20 5 4 2 3 6 58 
History 2 1 1 4 
Psychology 2 2 
Other Social 
Sciences 1 1 2 
Agriculture 4 4 1 9 
Industrial Arts 2 1 2 5 
Secondary 
Education 3 1 4 
Other a 1 3 1 1 6 
----
Total 88 82 47 33 12 18 20 300 
a Includes one person in each of the following areas: English, J\/.usic, Geography, Sociology, 
Homemaking, and Junior High Education. 
Table 6. Comparison of Iowa Public School Physics Teachers with an Undergraduate or 
Graduate l\!ajor in Physics or physical Science to Non physics or Nonphysical Science 
Majors by School Enrollment Size-1971-1972 
Number of Physics Teachers 
K-12 
school majors and percentage 
enrollment nonmajors majors nonmajors nonmajors 
< 500 108 20 88 81.5 
500-749 110 28 82 74.5 
750-999 73 26 47 64.5 
1000-1499 54 21 33 61.1 
1500-1999 26 14 12 46.2 
2000-2999 34 16 18 53.0 
3000> 50 30 20 40.0 
Total 455 155 300 66.0 
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DISCUSSION AND CONCLUSIONS 
Concern for preparation for the science content teaching fields has been considered 
extensively in many reports (Garrett, 1959; Ginsberg, 1965 ; Green et al., 1968; Lee, 1969; 
Ost, 1971; Thompson, 1970). Generally, the reports agree in that the content prep'aration 
of science teachers has improved greatly over the past two decades. The launching of Sputnik 
and the rapidly growing urbanization of the country, which tended to reduce the number of 
small high schools and to increase the possibility of fewer teaching areas per teacher, have been 
cited generally as factors that have contributed to the upgrading of science teachers' content 
preparation. 
In a report by Garrett (1959) the minimal number of semester hours recommended for 
teaching in biology was 30; in chemistry, 28; and physics, 25. The AAAS committee, of 
which Garrett was a member, recognized that multiple teaching assignments must still exist 
in some areas of the country. They recommended that certain subject matter combinations 
be considered in the event that multiple teaching assignments must exist. Subject-matter 
pairs of physics and mathematics, chemistry and physics, and biology and health were 
strongly recommended in favor of such combinations as English and physics or social 
studies and chemistry. 
Iowa has many teachers with the physics and mathematics combination; however, there 
are more teachers with physics and biology or physics and general science combinations than 
with a physics and chemistry combination. The number of chemistry teachers with a chemis-
try and physics combination is small with most of the combinations being either chemistry 
and biology or chemistry and general science. Preparation of health teachers in Iowa is 
limited almost exclusively to studies in physical education, with relatively little study in 
physiology, anatomy, and related studies. The physical education orientation of health 
programs makes the popular biology and health combinations rather questionable. 
These data suggest that at the present time there are significant numbers of teachers who 
are not trained with broad competencies in several fields of science and with high levels of 
competencies in an appropriate teaching specialty. 
Schools in Iowa (Crawley, 1957; Kirkpatrick, 1950) and across the nation (Stinnett, 
1971) have made great strides in upgrading content preparation of science teachers during the 
past 20 years. Even with the vast amount of improvement accomplished, significant numbers 
of teachers still do not meet minimal requirements advocated by the profession. 
A study by Hanson (1974) calls for a long overdue restructuring of preservice physical 
science teacher education programs. The data in this report corroborate Hanson and suggest 
further that restructuring should not be limited to the physical sciences alone. Careful 
studies of what constitutes an adequate content preparation are needed before restructuring 
of the preservice programs can be accomplished. To date our profession has couched its 
recommendations in such nebulous terms as "high level of competency,'' "specialization in 
a major area,'' and "indepth preparation in one area." 
The data and review of literature presented in this report suggest at least three areas of 
research in preservice science teacher preparation. Science educators need to address them-
selves to the question of what content is needed to teach the various science courses currently 
being taught in our secondary schools. Another area of research would center on organiza-
tion of basic content into sequences that are efficient for teaching and learning. A third 
question that needs to be researched is concerned with the optimal length of the science 
content sequence. 
Perhaps if recommendations for the preservice subject-matter preparation of secondary 
school science teachers were based on empirical evidence, our secondary schools would be 
employing teachers in a manner that accords with the recommendations of the profession. 
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A PROCEDURE FOR TEXTBOOK EVALUATION ILLUSTRATED BY 
AN ANALYSIS OF FIFTH GRADE SOCIAL STUDIES TEXTS 
Joan Breiter1 and Jack Menne 2 
ABSTRACT A procedure by which an individual school or school district may choose a text 
or text series is described and illustrated in the area of social studies at the fifth grade level. 
The procedural steps are as follows: (1) determine the topics presented in all current 
texts for each grade level for which a text will be chosen, ( 2) construct an instrument listing 
the topics for each grade level, (3) allow all affected teachers to rate these topics as to their 
importance and relevance, ( 4) analyze the results of this procedure and use them to construct 
a second instrument for each grade level, which contains only the highly rated topics plus 
general factors in text rating, and ( 5) have affected teachers rate the texts that remain after 
those whose copyright date, cost, or lack of content in the areas rated as important and relevant 
have been eliminated. Groups of raters or all affected teachers may rate these texts, but each 
text must be rated by a minimum of four raters. 
After analysis of the fifth step, each book or series may be ranked. A top text or series 
closely fitting the local philosophy and curriculum can thus be selected. Ifmulti-texts are to 
be used in the classroom, two or more of the top texts or series may be chosen. 
Procedure and its illustration are discussed, with inclusion of related factors and ac-
companying findings. This procedure could be adapted to any district, is suitable for use at 
any level, and could be used with subject areas other than social studies. Copies of the 
instruments developed in the course of testing, which illustrate the procedure, are included. 
INTRODUCTION 
The choice of a social studies textbook, whether for one school or for an entire district, 
is of great importance in the development and enhancement of the social studies curriculum. 
From the broad generalizations that underlie the social beliefs of our society to the concepts 
and viewpoints introduced and expanded by the individual teacher to illustrate those gener-
alizations, whether using a single or a multi-text approach, the text remains the most im-
portant single resource to be found in the classroom, after the teacher. It must be chosen 
with thought and care, with full awareness of what is to be accomplished by its use, how it is 
to be used, and with the local area or region in mind. Too often, texts are chosen by com-
mittees, which, though appointed for their interest and knowledge of the subject area, approach 
the problem inappropriately. Such factors as strong or weighty personalities; lack of a definite, 
thorough procedure; and ignorance of what is feasible and usable by both teachers and 
students often flaw the choice of text. 
This article outlines a procedure for choosing a social studies text (or texts), and illus-
trates the procedure by describing in parallel the steps as an experimental group applied them. 
The only differences in the use of this procedure by a school district and by this experimental 
group are the following : (1) the experimental group consisted of volunteers from several 
school systems, whereas a school district would use only its own teachers and , if desired , 
related groups such as administrators and parents, and (2) in illustrating the procedure, a text 
was chosen for only one grade level, whereas a school district would probably wish to follow 
the procedure for all grade levels, then coordinate those findings to select one or more series 
that met their overall requirements. 
1 Assistant Professor, Elementary Education, Iowa State University, Ames, Iowa 50011, 
2 Assistant Director, Student Counseling Service, and Associate Professor, Department of 
Psychology, Iowa State University. 
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PROCEDURE 
PHASE I Determining the Topics on Which Textbooks Will be Rated 
General Procedure Experimental Procedure 
The first three steps of the evaluation process deal with identifying the population of 
the texts. This part of the procedure, as well as steps 4 and 5, could be conducted by one 
person, perhaps the social studies consultant or supervisor, if the district has such a position, 
or by a teacher chosen because of inte~ests and background. 
1. 
2. 
3. 
Consult available sources to determine 1. 
textbook companies with materials in 
elementary social studies. 
Determine limiting factors in eventual 2. 
text choice. 
Obtain sample sets of texts from all 3. 
companies that meet initial require-
ments and are willing to supply them. 
The Educational Publishers' Directory and 
the El-Hi Texts in Print were used to com-
pile a list of companies which produce 
social studies text series. 
The major factors considered at this point 
were that the materials be in single text 
format, that they have a copyright date 
within the last 10 years with an option to 
tighten this limitation later in the study, 
and that cost would be largely ignored as 
most text prices seem to fall within a 
rather limited range. 
Twenty-one companies were contacted 
through their "local" representatives. 
Seven of these were eliminated from con-
sideration due to one of the factors listed 
in item 2, or due to the fact that they were 
unwilling to supply texts for our purposes. 
One or more texts were also excluded be-
cause they had not yet been released at 
the time this part of the study was being 
conducted. However, 17 texts from these 
companies were retained for use in Phase I, 
as a number of companies provided both a 
regular and an alternate text series. 
Steps 4 to 7 consider the development of an instrument for rating the appropriateness or 
relevance and importance of the topics presented in social studies texts at the fifth grade level 
used to illustrate this procedure. A part of the Social Stu-dies Topics Rating Scale (SSTRS) is 
reproduced in conjunction with step 5 for the reader's convenience. 
4. Investigate each text to the degree 4. 
needed to identify and record the major 
topics explored. It is helpful to con-
struct a grid listing the topics along the 
left hand side and the texts across the 
top. This will permit obtaining a clear 
visual overview of the scope of topics 
explored at this grade level as well as 
the contents of each text. This should 
be done for each of the grade levels for 
which a text is to be chosen. 
5. From the topics recorded on the 5. 
grid, construct a topics rating scale, 
similar to the one illustrated below 
Each of the seventeen texts was investi-
gated to determine the major areas of study 
or topics explored. The texts and topics 
were recorded on a grid as described in the 
parallel step under General Procedure to 
provide an overview of all topics presented 
by the texts and which texts presented 
which topics. 
The topics rating scale for the fifth grade 
level included all the topics found in any 
of the texts, arranged in a way likely to be 
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for the fifth grade level. A separate topics 
rating scale will be needed for each grade 
level for which a text will be chosen. 
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easy for the rater to comprehend and to 
record decisions. The topics were pre-
sented as major headings with examples of 
the variety of subtopics likely to be found 
under each. Also listed were the ap-
proaches used in the various texts, for 
example, chronological, political, histori-
cal, and sociological; and recording of rater 
preference was requested. Each topic was 
to be rated according to a scale ranging 
from a low of 1 (not an appropriate topic 
at this level) to a high of 5 (appropriate or 
relevant topic, of highest importance at 
this grade level). The SSTRS (sample 
illustrated below and contained in full in 
Appendix I) was constructed only for the 
fifth grade level, the sample level. 
Sample Topics Low High 
SSTRS - Grade Level Five 
3. American Indians 
Early history and contact with European 
explorers and settlers; American Indians and 
community life ; as a force in shaping the 
social system of the period; Iroquois, Mohave, 
and the Mound Builders as examples of 
Indian cultures in what is now the U.S.; 
Hopi, Eskimo, and· Kpelle as examples of 
Indian cultures in the Western Hemisphere. 
4. Colonial Life 
Coionial society, families and homes, eco-
nomic life, life in a colonial community, 
individual colonies studied as examples of 
differing colonial organization, economic 
life in different colonial regions, cultural 
life, governmental organization within 
colonies, government imposed by Europe, 
the rise and decline of Puritan influence in 
New England. 
6. Distribute the appropriate form of the 6. 
Social Studies Topics Rating Scale to 
all teachers in the system, according to 
their respective grade levels. A cover 
letter indicating a due date for re-
sponses and where they are to be 
collected, as well as a general explana-
tion of the purpose of this step is most 
helpful at this point. Teachers may re-
spond anonymously, if this is desired. 
If groups other than teachers are also 
being consulted, they should be included 
at this point in the procedure. 
1 2 3 4 5 
Copies of the Social Studies Topics Rating 
Scale for the fifth grade level were distribu-
ted to practicing fifth grade teachers in 
five central Iowa communities. Of the 67 
teachers contacted, 37 responsed. How-
ever, five of the 37 responses arrived after 
the due date and were not included in the 
analysis of data. Responses were largely 
anonymous, but respondees could indi-
cate on a separate form their requests for 
a copy of the study results. These persons 
were also asked if they were interested in 
participating in the text-analysis portion of 
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of the study. Those who responded posi-
tively became the pool from which the 
rating groups (described later in the pro-
cedure) were drawn. 
7. Analyze the raw data obtained on the 7. Responses of 32 raters to 58 items were 
analyzed . For the purpose of this study, a 
cutoff score of 75% of the total p-ossible 
score per topic (32 raters times a top score 
of 5 for the topic = 160) was deemed 
necessary for a topic to be retained for use 
in the text-analysis worksheet to be con-
structed. As a result of this procedure, 
nine topics were retained-three concern-
ing the philosophical approach of the text 
and six concerning broad areas of the 
SSTRS for each grade level to deterc 
mine which topics received composite 
scores equal to or above the cutoff 
score determined necessary for inclusion 
of a topic in the text-analysis worksheet. 
The latter will be used to analyze the 
individual texts at each grade level for 
which a text is to be chosen. 
fifth grade, social studies curriculum. 
PHASE II Rating the Textbooks on the Topics That Have Been Rated of High Importance. 
The remaining steps in the text evaluation procedure (steps 8-13) include a description 
of the process of construction and use of a Text-Analysis Worksheet to be developed for each 
grade level involved, and the identification of texts to be analyzed . 
8. Construct a text-analysis worksheet 8. The text-analysis worksheet developed for 
this study consists of nine topics identi-
fied by the responding teachers as appro-
priate or relevant and important at the 
fifth grade level and 10 additional topics 
relating to general text analysis, such as 
authorship, study aids, etc. A sample 
section of the instrument is presented be-
low for consideration of the format used. 
The complete instrument is in Appendix 
II. 
for each grade level for which a text is 
to be chosen. Use the retained topics 
and whatever additional topics are im-
portant considerations in choosing a 
text. 
Sample Topics -Text-Analysis 
Worksheet (TA W) - Grade Five 
5. CIVIL WAR PERIOD 
Slavery as a source of contention; 
other factors leading toward war; 
election of Lincoln, campaigns, 
battles, and people involved in the 
events of the Civil War Years; the 
Emancipation Proclamation; end of 
war and its effects on the country 
6. MODERN U.S.A. 
Making democracy work - civic 
problems and attempts at solution; 
problems of the megalopolis and 
urbanization; environmental problems 
of cities and the nation; examining 
Factor 
A 
(Appropriate-
ness) 
Factor 
B 
(Clarity) 
Factor 
c 
(Relevance) 
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American life by geographic regions; 
Alaska; Hawaii ; the form of present 
day democracy, today's economic 
system and its problems; American 
culture and society today; present-day 
American Indians; the effect of the 
space program and space travel 
9. At this time the grid-chart for each 
grade level involved should be con-
sulted to determine which of the 
represented texts will be analyzed 
using the appropriate text-analysis 
instrument. Those series that are in-
consistent across grade levels should 
be eliminated at this point unless 
multiple texts are to be adopted. 
As you may note, each topic is to be 
rated on three factors . The scale used 
runs from a low of 1 (very poor) to a high 
of 5 (excellent). 
9. Using the grid chart for grade five and 
employing the limiting factors of single-
text form, copyright date of 1970 or later, 
companies willing to provide texts for the 
study, and identification of texts contain-
ing at least 75% of the topics found to be 
appropriate or relevant and important in 
Phase I, 12 texts were chosen to be ana-
lyzed by the text-analysis worksheet 
developed for this grade level. 
10. All teachers at each involved grade level 10. 
should rate each chosen text , using the 
Tex t-Analy sis Worksheet (TAW) devel-
This study used two groups of four raters, 
each drawn from the pool of initial re-
spondees who indicated an interest in 
further participation in the text-evaluation 
project. Each rater in each group indivi-
dually rated six texts, using the TA V:1 de-
veloped for grade five . Since this study 
did not illustrate the procedure on more 
than one grade level, no texts were elimi-
nated prior to this analysis as suggested 
under General Procedure, step 9. The 
ratings of these 12 texts are given in 
Appendix III. 
oped for the appropriate grade level. This 
procedure allows input from all who will 
be using the text chosen, but eliminates 
the bias of personality often found 
within a text selection committee. If 
this is not possible, groups should be 
formed at each grade level to analyze the 
individual texts in depth, using the TAW 
developed for each grade level. These 
groups should consist of a minimum of 
four raters per text. Each rater may rate 
all tentatively identified texts, or the texts 
may be divided into groups of 4-6 with a 
group of four or more raters rating each 
of the texts in that group. In either case, 
the raters should work independently. 
11. When all texts have been analyzed by 11. 
their respective rating groups, data 
should be recorded and determined . 
The mean of the scores for the indivi-
dual texts should be used to choose the 
four top rated texts at each grade level 
for further analysis. Grades need to be 
scanned at this point in text selection for 
K-6. 
Raw scores were recorded for each of the 
raters for each of the texts, each text 
having been rated by four raters. Scale 
scores,as well as the mean of the indivi-
dual texts used to identify the top four 
texts,were determined. The mean and 
variance of each rater's responses were 
then used to convert each person's ratings 
to t-standard scores. The top four texts 
identified through the analysis of raw data 
remained the top four texts when stand-
ard scores were used. See Appendix III. 
12. When the top four texts (or series) have 12. Rerating of the top four texts identified 
identified. they should be rerated by use by step 11 was done by an additional 
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13. 
of the same Tex t-Analysis Worksheet 
used in the original analysis. Again, all 
teachers may participate in this step, or 
a group of four or more raters at each 
grade level may rerate the texts for their 
level. 
Data should be recorded and ana- 13. 
lyzed according to the same proce-
dure used in step 11. By use of the 
mean the "top" texts for each grade 
level can be determined. Again , since 
a number of grade levels are involved, it 
will be necessary to note the consistency 
of quality of a series across grade levels 
and adjust accordingly the choice of 
series for adoption. 
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group of four raters, none of whom had 
participated in the original rating, using 
the TAW developed for grade five . 
Data obtained as a result of step-12 were 
recorded and analyzed. The top book for 
the fifth 6fade level was thus identified. 
Those persons wanting information on the 
texts analyzed, the top four texts identi-
fied , and the text chosen as the "top" 
text for this locale by this experimental 
group may contact the author. 
DISCUSSION 
This study focused on two tasks, namely : (1) to develop a general procedure for evalua-
tion of social studies textbooks that could be adapted to any locale and used at one or many 
grade levels, and (2) to illustrate the suggested procedure at the fifth gr.ade level. In the pro-
cess, information about current fifth grade text offerings and how teachers in one small 
geographical area reacted to them both answered and raised a number of questions. 
The procedure described in this study allows the following factors to be considered in 
textbook selection. 
1. A thorough survey can be made of what topics or broad areas of study are present-
ly being presented for textual study. 
2. Opportunity for teachers to have input through their response to the SSTRS and 
their use of the TAW as to what will be taught. 
3. Opportunity for administrators, parents, and students to have input into that part 
of the curriculum represented by the textbook. 
4. Elimination of domination by personality because each rater expresses his views 
through the SSTRS and rates the texts, using the TAW on an individual basis. 
Each person's input is equally weighted. 
5. Decreased involvement of scheduled professional time. Teachers may perform 
their duties in the procedure more at their convenience and more effectively 
through less interference from other responsibilities. 
6. Provision of a practical and thorough way to analyze current materials relative to 
needs of the community , and provision for text choices to be made on a consistent 
and logical basis. 
The texts analyzed in this study were acquired from a variety of companies willing to 
provide texts for this purpose. A school district should easily be able to obtain multiple sets 
of texts for this purpose. The analysis limitation factors used in this study restricted the 
consideration of texts to those in single textbook format , those published from 1970 on, and 
those roughly corresponding to the topics considered appropriate for the fifth grade level, 
which were identified in a preliminary step of the study (Phase I). Any factors may be chosen 
as the limiting factors, depending upon the needs and desires of the district involved. Of the 
12 texts rated in this study the top four were identified and rerated by an independent group 
of raters. From this rating step the top text was identified. This text should be the one most 
suitable for schools in this local area, as it most closely presents the philosophy and the topics 
considered by the majority of raters to be both appropriate and important for study at the 
fifth grade level. Using this procedure at all grade levels, the school district will be able to 
identify outstanding texts for their program at all grade levels, and to identify text series that 
would be particularly appropriate for their needs. Either a single text series for use at all 
grade levels may be chosen, or a variety of texts that may have particular strength at one or 
more levels may be adopted. Use of the text may thus be kept both flexible and consistent 
with the philosophy of the local social studies curriculum. 
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Fifth grade texts on the market today were found to offer much variety and to represent 
considerable improvement over texts of years past. They range from a conservative presenta-
tion of the traditional history or geography (or both) of our country (both past and present); 
through a multi- or interdisciplinary approach that involves social sciences and attempts to 
present concepts and generalizations through approaches other than the standard chronologi-
cal approach; to a completely new concept of what is appropriate at this level. The new con-
cept is presented in a study of man through such social sciences as anthropology, sociology, 
or political science in which the historical and geographical aspects are intermiqgled, and the 
actual study of our country is deferred to a later grade. Thus, the emphasis is on people and 
understanding them. This approach was not well accepted by most raters involved with this 
study, though many found it warranted further thought; a few were highly enthusiastic a!:>out 
this approach. General lack of enthusiasm for these alternative materials could be attributed 
to conservatism; lack of familiarity with the materials, concepts, or both; lack of subject-matter 
background in these areas; lack of time to develop proficiency with new materials and areas; 
and high interest in the areas presently taught. However, data for demonstrating the relative 
influence of any of the factors just stated are lacking. Most raters seemed to feel that a basi-
cally traditional fifth grade curriculum involving some aspects of other social sciences in ad-
dition to history and geography is most satisfactory, as shown by their ratings. 
A readability analysis was made of each of the texts, using the Dale-Chall, Fog, and Fry 
indices. Though the top four texts (as well as many of the others) showed an acceptable 
range from high fourth at the beginning of the text through high fifth to early sixth at the 
end of the text according to the Dale-Chall and Fog indices, the Fry index tended to rate 
them one to two grades higher in readability. Because many social studies texts are considered 
to be overly difficult for the potential student population, a school district should be advised 
to consider this factor, also, when choosing a text. Even those texts that have-an acceptable 
level of readability, according to these indices, may be too easy or too difficult for the students 
who are to use them. Difficulty of the vocabulary and of the concepts presented may not be 
compatible, and should be carefully considered. 
A final point iri this discussion is that text evaluation by the suggested procedure could 
easily be adapted to choosing texts for other subject areas. The basic steps would be as 
follows: 
1. 
2. 
3. 
Locate texts in the designated subject area. 
Compile a list of topics for each grade level for which a text is to be chosen. 
Involve interested and qualified persons to indicate the appropriate and important 
topics for each level. 
4. Rate the identified texts according to these topics and the way they are presented. 
5. Choose the top text or text series for adoption unless other related factors indicate 
that another of the high-ranking texts is more suitable. 
The procedure is consistent, yet flexible and responsive to local and invididual needs. It does 
not need outside experts to be effective; the experts are the teachers in the classrooms. 
CONCLUSIONS 
It seems highly feasible to involve teachers working at the grade level(s) involved in 
determining what is appropriate or relevant and important at the particular grade level(s). 
Similarly, use of teachers as raters of texts according to the procedure described above is not 
only feasible but highly desirable . A text that fits local philosophy and has been chosen by 
those who will use it as one of their major teaching aids is more likely to be used effectively. 
Familiarity with the philosophy of the text, its format, its strengths and weaknesses will en-
able the teacher to use the text for the purposes for which it was intended and to recognize 
where and when another teaching tool could be better employed. Certainly, the text will be 
but one of a number of materials used by the teacher, but it is far more likely to be used 
effectively if chased to complement and enhance the goals of the social studies curriculum. 
The variety, both of content and approach, to be found in today's textbooks makes the 
choice of a text that the teacher can and will use well a factor of major significance in up-
grading the social studies program . 
Although teachers at the grade level for which the procedure was illustrated were the 
only group used to evaluate the texts, involvement of other groups may add a valuable 
dimension to this process. Students, parents, and administrators-though usually not trained 
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or experienced in the social studies curriculum-could add additional insights when choosing 
a text or text series. The responses of these groups to the SSTRS, the TAW, or both could 
be weighted equally to the teachers' groups, or could be considered advisory only. 
Information about the raters might be helpful, too. Training, length of time in the 
teaching profession, age, socioeconomic background, and type of school-community in which 
they teach are kinds of information that might help to explain the relatively traditional and 
middle-of-the-road position most raters adopted in this study . Information about teacher 
preparation time and feelings of security or insecurity in the "new" topic areas may also be 
influential. Use of a formal, tested procedure to choose text materials should result in a 
better social studies program and in better use of taxes. 
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APPENDIX I 
SOCIAL STUDIES TOPICS RATING SCALE 
(SSTRS) 
General Directions: 
The composite list of topics which follows has been compiled from the 
latest editions of elementary social studies texts by major publishers 
in the field. Look over the list of topics, noting the supplementary 
directions and information included to assist you in making your rating 
decisions. Determine the appropriateness, relevance, and importance you 
feel each topic has to the fifth grade or Intermediate II social studies 
program according to your own personal feelings and experience. Use 
the following rating scale to indicate your rating of each topic. 
• not an appropriate topic at this grade level 
2 ~ appropriate or relevant topic, but of very little 
importance at this grade level 
=appropriate or relevant topic, somewhat important at 
this grade level 
4 =appropriate or relevant topic, highly important at 
this grade level 
=appropriate or relevant topic, of highest importance 
at this grade level 
Note: Mark only ONE number for each topic. 
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SOCIAL STUDIES TOPIC LIST 
Grade Five 
Low 
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YOUR RATING 
Hi 
4 
GENERAL AREA NUMBER I: UNITED STATES HISTORY 
Part A. Several organizational fonns were found to be in use by textbook companies to 
present their material on United States history. Please rate each of the 
following organizational fonns according to your personal opinion of their 
appropriateness, relevance, and importance at the fifth grade level. 
Chrono logical - preh1stor1c t1mes to the Civil War per1od 
Chronological - post Civil war to the present 
Cnronological - f'rom tne Co1onla1 per1oa to tne 1960's 
Chronological - from 1000 A.D. to the present 
Political - presents growth and development of our 
government and accompanying politcal 
events 
Sociological - uses the concept of social change and 
man's adaptation to change as the vehicle 
His tori ca I - by s1gn1ncant eras from post c1v11 War 
times to the present (Jacksonian Era, 
Lincoln Era, FDR, etc.) 
Historical - by signif icant events in our country s 
history from the time of Hamilton to 
present-day civil rights struggle 
Part B. Since the most coll"10n organizational form found in fifth grades texts was some 
type of chronological organization, the followi ng list of topics is presented 
chronologically. Examples of subtopics coll1110nly found to be explored under 
the general topic heading are given irmnediately below the topic itself. Use 
these as a guide to help you decide the appropriateness, relevance, and im-
portance of the general topic. 
1. Exploration and Early Settlement 
Prehistoric man, Vikings, Columbus, Spanish exploration and 
conquest in Mexico and the West, French exploration, Indians 
and the fur trade, English exploration, introduction of 
slavery, rivalry among France, Britain, and Spain in the 
New World, early English colonies 
2. Settlement Per10d - Pre-Revo1utfonary War 
Establishing settlements in the Piedmont, Croatoan settle-
ment, French and Indian War, New England fishing industry, 
government by England, events leading to the Revolutionary 
war . 
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3. American Indians 
Early history and contact with European explorers and 
settlers; American Indians and corrrnunity life; as a force 
in shaping the social system of the period ; Iroquois, 
Mohave, and Mound Builders as examples of Indian cultures 
in what is now the U.S.; Hopi, Eskimo, and Kpelle as 
examples of Indian Cultures in the Western Hemisphere. 
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4 . Col on i al Life _J 
__________ _..___~___._______"----~ 
Colonial society, families and homes, economic life, life 
in a colonial corrrnunity, individual colonies studies as 
examples of differing colonial organization, economic life 
in different colonial regions, cultural life, governmental 
organization within colonies, government imposed by Europe, 
the rise and decline of Puritan influence in New England 
5. Revolutionary War Period 
Events, people, and battle of the War; the organization, 
weaknesses, and accomplishments of Confederation; the 
organization, people, and early actions of the Con-
stitutional government 
b. Westward Expansion 
Effect of manufacturing in the Old Northeast, the Old South, 
Settling the old middle west, Rocky Mountain and Inter-
Montana region settlement, Oregon, California (San Francisco, 
Gold Rush, Vigilantes), hwo transportation, corrrnunication, 
inventions, and growth of cities affected expansion, 1738-
1848 as a period of becoming a world power 
7. Civil War Period 
Slavery as a source of contention; other factors leading 
toward war; election of Lincoln, campaigns, battles, and 
people involved in the events of the Civil War Years, the 
Emancipation Proclamation; end of war and its effects on 
the country 
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~. Industrial Revolution and Later Settlement 
Economic challenges of the Industrial Revolution and of 
immigration from Europe; settling the Midwest; grassland 
and great plans settlement; Chicago as a typical city of the 
period; early labor-management problems; election of 1896 
as a crucial point in American history; development of ethnic 
neighborhoods, the process of becoming a U.S. citizen; famous 
events, peopJe, and court cases which illustrate tests 
made of the social system of the period 
9. Modern U.S.A. 
Making democracy work - c1v1c problems and attemtps at 
solution; problems of the megalopolis and urbanization; 
environmental problems of cities and the nation; examini ng 
American life by geographic regions; Alaska; Hawaii, the form 
of present day democracy, today's economic system and its 
problems; American culture and society today; present-day 
American Indians; the effect of the space programs and 
space trave 1 
10. Overv1e~s of Modern U.S.A. 
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IL ow 
3 
High I 
4 I s 
--Please rate both topic #10 and its subtopics (a, b, c & d) presented below. 
a. Studies focusing on facets of American life and 
roles through language, people, resources, careers, 
transportation & cotmJJnication network, spare time, 
religion, government, our role as a world neighbor. 
b. Economic studies focusing on production, supply 
and demand, paying the price for our technological 
society 
c. Studies focusing on the interdependence of the 
present - agriculture, fishing, land use, regions 
d. Study of major aspects of American society--culture 
urbanism, industrialism, values & government - using 
selected areas of American history as background for 
undftrstanding present conditions, problems, and 
attempts at current problems. 
11. The future of American ~ociety - the Year 2000 A.O. 
Largely, shprt sections posing questions which have arisen 
from a year-long study of modern America. Purpose usually 
seems to be to encourage continued thinking on these areas 
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12. America as a World Power 
Changing values and how they have affected our world 
position; world neighbors and the United States; 
American neighbors such as Mexico, Central American 
countries, the Caribbean area, South Amer ican countries; the 
history of our conflicts with Cuba, China, WWI, WWII 
Korea, and Vi et Nam 
GENERAL AREA NUMBER II: REGIONAL STUDIES 
13. The United States (Present Day) 
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--Please rate both topic 13 and its organizational forms (a-h) presented below 
a. by traditional regions such as the Northeast, 
Midwest, South, West, Great Plains 
b. by U.S. census zones - touching on population, 
agriculture, fishing, forestry, and manufacturing 
c. by modern Amer1 can Ii fe styles 
d. by functional unitslmay cross national lines 
into neighboring nations) 
e. by societal and cultural factors such as people, 
resources, careers, transportation, collfnun i cation, 
recreational time, religion, national goals, role 
as world neiqhbor 
f. by resource areas - mountains, dry land, creation of 
new resources 
h. by traditional regions, as noted in a. but combining 
the history of the reqion with present-day life 
14 . The United States and Its Western Hemisphere Neighbors 
Caribbean region; Central America; Mexico; South America by 
regions; by functional regions such as the U.S. and Canada 
the U.S. and Central America and the Organization of American 
States 
15. The United States and Its World Neighbors 
Central America; South America; the Caribbean ; Mexico; and 
selected cultures, regions, and/or nations in Africa, Asia, 
and Europe. 
! 
I 
I 
! 
! 
: 
I 
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Low High 
4 5 
GENERAL AREA NUMBER III: INTROOUCTI0N TO SOCIAL SCIENCE 
DISCIPLINES, CONCEPTS AND TECHNIQUES 
Part A. This area has been presented in varying ways hy the publi shers. Please 
rate each of the organizational forms used for this area which are 
stated below. 
u t scip inary 
nter iscip inary - overview o soc a sciences w ic 
merges disciplinary lines 
ontrasting or i ustrative cu tures -
cultures 
oreign 
Part B. Topics 16-24 are drawn from the social sciences . Rate each according 
to your personal evaluation of its appropriateness, relevance, and 
importance at the fifth grade level. 
lb. Anthropology 
17. Soc1ology 
18. Economics 
19. Political Science 
zo. Human Geography 
Zl. History 
22. l;eograp!iy 
Z3. Basic concepts in var1ous ctisc1plines - overv iew 
and illustration of 
24. Using contrasting cultures to illustrate general 
social science concepts and/or develop American 
history materials 
American Indian, Kenya, India, U.S.S.R., Great Britain, 
Japan, Sahara, Ghana, the Benin, The Yoruba, Hopi, 
Eskimo, the Kpelle are examples of cultures used for this 
purpose. 
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3 
j 
5. 
6. 
GENERAL AREA NUMBER IV : EUROPEAN HISTORY 
ish tra e with frica 
Independence -of the Medieva City 
GENERAL AREA NUMBER V: 
WORLD HISTORY 
n - various areas o t e wor 
agricu ture, too 
Mesopotamia, Egypt, Near East, Indus Valley, 
India, China, Olmec, Aztec, Inca, African 
Feudal society, national states in France & England, 
Italy Roman Empire, Russia 
Renaissance & Reformation 
Enlightenment, Absolutism, and Revolution 
(Fr . .o, Am.) 
·->--· 
~echnology g the 20th Century 
Na ti ona 1 ism, industria 1 ism, democracy, imperia 1 ism, 
communism, WWI & II 
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APPENDIX ll 
TEXT ANALYS IS WORKSHEET 
(TAW) 
PART I. TOPIC ANALYSIS 
Gene ral Di rect ions: Please use the following rating sca l e for each of the sections 
of this worksheet. In addition, note the spec i f i c di rections 
for each section. 
Very poor 
Poor 
4 Good 
5 Excel lent 
Fair 0 Not found i n this text 
1. The foll owing items re fer to the overal l scope, organization, and focus of the 
t e xt . Place a check mark in the appropriate box for the rating you choose for 
each of the three i terns. 
0 1 2 3 I 4 1 5 
a. Text provides chronological coverage 
I I of the history of the Unit ed States from Colonial ti mes to the l960's I l 
b. Te xt has a sociological ~has is in 
I 
; 
that it fr equently uses the concept 
of social change and man's adaptation 
to change as the veh icl e for its 
conten t 
c. Te xt provides an introduction to the i I social science disciplines, concepts 
i I and technique s which focuses on I histor y and oeoqraphy 
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Direction s : Determine how well the text t reats each of the following topics in 
rel ation to Factors A, B, and C. Rate each topic on each factor 
2. 
3. 
4. 
according to the scale above. Write the number of each rating you 
make i n the appropriate space. 
TOPICS 
TO BE 
RA TEO 
COLONIAL LIFE 
Colonial soc iety, fam1l1es and homes: 
economic life, lifes in a colonial com-
munity, indivi dual colonies studied as 
e xarrples of different co lonial organi za-
tion, economic life in different colon-
ial regions, cultural life, organization 
of government within colonies, govern-
ment in-posed by Europe, the rise and de-
cline of Puritan inf luence in New Eng-
l and 
REVOLUTIONARY WAR PER IOD 
Events, people, and battles of the 
War; the organization, weaknesses, 
and accomp lis hments of the Confed-
eration; the organization, people, 
and ear ly actions of the Constitu-
tional gove rnment 
WESTWARD EXPANSION 
Eff ec t of manufacturi ng in the Old 
Nor theast, the Old South, settling 
the Old Middle West, Rocky Mountain 
and l nter -montane regional settle-
ment, Oregon, Califo rnia (San Fran-
cis co, Go ld Rush, Vigilantes), how 
transportation, corrmunication, 
i nvent ions, and growth of cities 
affected exp ansion, 1738-1848 as a 
period of becoming a world power 
Factor Factor Factor 
A B c 
Appropriate Concepts Exarrples used 
treatment clearly are in realm 
for grade explained of child's 
level experience 
(relevance) 
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s. 
6. 
CIVIL WAR PERIOD 
Slavery as a source of contention; 
other factors leading toward war; 
election of Lincoln, ca1T9aigns,bat-
tl es, and people involved in the 
events of the Civil War Years; the 
Emancipation Proclamation; end of 
war and its effects on the country 
MODERN U.S.A. 
Making democracy work - civic problems 
and atte1T9ts at solution; problems 
of the megalopolis and urbanization; 
environmental problems of cities and 
the nation; examini ng American life 
by geographic regions; Alaska; Hawaii; 
the form of present day democracy, 
today's economi c system and its 
problems; American culture and society 
today; present-day American Indians; 
the effect of the space program and 
space travel 
]. REGIONAL STUDY FOCUSING ON PRESENT 
DAY UNITED STATES 
BREITER and MENNE 
Factor I Faotoc Factor A (Cla~ity) c (Appro- (Relevance) 
priateness) I 
i 
I 
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PART I I. RELATED FACTORS 
Directions: Examine the text as to its overall illl>act in the following ten 
areas. Use the subheadings under each area to assist you. Rate 
each~ only. Use the 0-5 rating scale to record your choices. 
Very poor 
Poor 
4 Good 
5 Excellent 
Fair 0 Not found in this text 
l. Authorship 
2. 
- authors are qualified to write elementary text 
material through elementary experience, scholarship, 
writing ability, and knowledge of children 
- information about the authors is available in the 
Teacher's Edition of the text, or is routinely 
supplied by the COlll>any 
Philosophy 
text reflects the needs, interests, and values of 
the local conmunity as well as the philosophical 
approach to social studies of the teachers who will 
use it 
I I I 
I I I 1- I 
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3. Content I I I I 
topics are consistently identifiable as illl>ortant 
top ics throughout the text 
content reflects the values of the conmunity and 
teachers as well as national goals for social 
education 
content is illl>artial and unbiased in its discussion 
of controversial concepts 
concepts are relatively few in number and of the kind 
this age level child can understand 
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4. 
s. 
Readability 
Without making a formal readability analysis, note if: 
the vocabulary is suitable for the majority of the 
pupils who will be using it 
the vocabulary aids are plentiful and well chosen 
the style of writing is clear, interesting, color-
ful, and accurate -
the format , sentence length, paragraphing and headings 
assist the student i n understanding and organizing 
the material as he reads 
Illustrations 
size is appropriate 
clarity 
supp 1 ement the text 
give accurate illustration of how people and the 
environment interrelate 
are properly placed for easy use 
are accurate and up to date 
include appropriate diagrams, charts, and graphs 
are colorful, attractive 
are representative of what they supposedly portray 
6. Maps 
easy to read 
suitable for needs at this level 
in most cases, deal with one major factor 
allow opportunity for use in developing and 
practicing map reading skills 
appropriate to grade level in difficulty 
serve a real purpose in conjunction with the text 
7. Physical Features 
page margins and general appearance 
type clear, legible, good size for level, dark 
- paper opaque, non-glare, good quality 
cover and binding durable and colorful 
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I I I I I 
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8. Skills Program 
suitable skills for level and content 
- planned program of skill development 
skil ls tied closely to content topics, are relevant 
and needed 
adequate in number and quality (exercises) 
accompanied by helps for teacher in development 
of recommended ski 11 s 
9. Student Aids 
study helps which are numerous,varied, and challenging 
bibliographies that are up-to-date, contain only quality 
books, and appeal to a variety of needs, interests, and 
abilities 
references suitable to ability and needs of student 
comprehensive index and glossary 
10. Teacher's Manual 
clearly presents philosophy of book and series 
contains overview of each unit 
has many practical and clearly described teaching 
suggestions 
gives additional and useful references 
- well organized, easy to use, sturdy 
PART III. COMMENT SECTION 
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I I I I II 
I I I I 11 
You have now rated this text on the most important and appropriate topic to be taught 
in fifth grade social studies, as identified by those who completed the Social Studies Topics 
Rating Scale in the first part of this project . You have also rated it on related factors 
identified by text companies and people in the social studies field as being aspects which 
should be considered when choosing a text. No consideration has been given to cost, as these 
texts have been found to be relatively close in price. 
We realize that other factors or facets may have impressed you positively or negatively 
regarding this text. Please comment below, if you wish, on those you feel to be significant. 
238 BREITER and MENNE 
APPENDIX III 
Table 1. Twelve Rated Social Studies Texts for Grade Five 
Text Mean Rating Text Mean Rating 
Text A 15.9 # 4 Text G 12.6 #10 
Text B 15.2 5 Text H 17.3 1 
Text C 16.0 3 Text I 14.2 6 
TextD 10.8 11 TextJ 8.7 12 
TextE 13.4 8 Text K 13.8 7 
Text F 12.8 9 TextL 16.8 2 
Table 2. Final Rating of Top Four Social Studies Texts for Grade Five 
Text Mean Rating 
Text L 17.3 # 1 
TextC 16.9 2 
Text H 16.3 3 
Text A 15.6 4 
IOWA STATE JOURNAL OF RESEARCH I NOVEMBER 1975 
VOL. 50, NO. 2 239-253 
YIELD LOSSES IN MAIZE CAUSED BY DIFFERENT LEVELS OF 
INFESTATION OF SECOND-BROOD EUROPEAN 
CORN BORERS1,2, 3 
W. D. Guthrie4, W. A. Russell 5, F. L. Neumann6 , 
G. L. Reed 7, and R. L. Grindeland 8 
ABSTRACT In 1972 and 1973, 4, 8, 12, 16, and 20 egg masses per plant of European corn 
borer, Ostrinia nubilalis (Hubner), were applied to 12 single-cross maize (Zea mays L.) hybrids 
during the pollen-shedding stage of plant development. In 1972 a low level of larval establish-
ment resulted from all levels of the artificial infestations ; in 1973 a high level of larval 
establishment resulted from all levels of infestations. The average reduction of yield relative 
to the control was 11.4% in 1972 and 34.8% in 1973. In 1973 the loss was caused primarily 
by extensive damage from collar and sheath feeding. Reduction in kernel size accounted for 
most of the yield loss. Counts of stalk cavities, data for yield, and five yield components 
showed that adequate levels of infestation were obtained with four egg masses per plant. 
INTRODUCTION 
First-brood European corn borers, Ostrinia nubilalis (Hubner), cause decreased yields of 
maize (Zea mays L.) primarily because of the leaf-feeding damage they do. Heavy infestations 
by the first-brood have decreased yields of susceptible single crosses by 19 quintals per 
hectare (Penny and Dicke, 1959). The losses caused by the second-brood, in contrast, have 
usually been attributed to stalk damage that results in harvest losses '(Dicke, 1954). Scott et 
al. (1967) observed an average reduction of 5.7 q/ha for 45 single-cross hybrids. 
The purpose of the present study was to determine how different levels of artificial 
infestations by second-brood borers affected grain yield and yield components in maize, and 
the optimum number of egg masses needed to differentiate among genotypes for levels of 
resistance to second-brood borers. 
MATERIALS AND METHODS 
The following 12 single-cross hybrids were used: A619 x B54, B37 x Oh43, A632 x B54, 
A632 x B70, A632 x A257, B37 x B70, B37 x Mol 7, B52 x Oh43, B37 x B73, B14A x B73, 
Mol 7 x B68, and B37 x B52. Inbred B52 is highly resistant to a second-brood infestation; 
B14A and B68 are intermediate in resistance; and all other parent lines are susceptible. 
1 Lepidoptera: Pyralidae 
2 Joint contribution : Agricultural Research Service, USDA, and Journal Paper No . J-8177 of 
the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa 50011. Project 
0. 1923. 
3 Mention of a pesticide in this paper does not constitute a recommendation of this product 
by the USDA. 
4 Entomologist, Agricultural Research Service, USDA, and Professor, Department of Ento-
mology, Iowa State University, Ankeny and Ames, Iowa. 
5 Professor, Department of Agronomy, Iowa State University, Ames, Iowa 50011. 
6 Formerly graduate student, Iowa State University; presently at Ames Seed Farms, Inc., 
Ames, Iowa 50010. 
7 Entomologist, Agricultural Research Service, USDA, Ankeny, Iowa 50021. 
8 Agricultural Research Technician, Agricultural Research Service, USDA, Ames, Iowa 
50011. 
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The experiment was a split-plot design with four replications. The main plots consisted 
of five levels of artificial infestation- 4, 8, 12, 16, and 20 egg masses per plant (ca. 25 eggs per 
mass)-and an uninfested control. All infestation treatments were randomized in each repli-
cation. The control plots were planted in one strip across the four replications for easier ap-
plication of an insecticide, and were bordered on each side by two rows of maize to minimize 
insecticide · drift to adjacent plots. Carbary! at the rate of 1.68 kg AI/ha was used in the un-
treated plots to control larvae hatching from egg masses deposited by moths from the natural 
population. 
The 12 single crosses were randomized in each main plot. Each subple>t was a single 
row, 16 hills long, with 34 cm between hills and 102 cm between rows. The plots were over-
planted and thinned to two plants/hill (ca. 59,300 plants/ha) when the plants were in the 
six- to eight-leaf stage. Stands were good in all plots at harvest. 
Techniques for artificial infestation of plants with second-brood European corn borers 
were reported by Guthrie et al. (1971). Infestations began in each plot when 50% of the 
plants were flowering. At that time two egg masses were applied per plant on each day until 
the desired number was reached ; applications of egg masses were made 2 days apart on plots 
receiving four egg masses per plant. 
The plots were harvested approximately 60 days after the average date of silking, a time 
when grain development was essentially complete for all hybrids and there were no broken 
stalks or dropped ears. Ten, two-plant competitive hills per row were harvested. Ears of each 
plot were weighed in the field, dried to a uniform moisture , and reweighed to permit a 
determination of percentage weight loss caused by removal of moisture from the grain and 
cob. Shelled grain weight, weight per 300 kernels, ear length , ear diameter, shelling percentage, 
and ear shrinkage (percentage moisture loss) were recorded for each plot. Shelled grain 
weights were converted to quintals per hectare. 
Also, immediately after harvest the stalks of 10 plants per plot were dissected longitudi-
nally to permit a count of the cavities in the stalk (excluding shank), for an evaluation of the 
damage caused by larvae feeding in the stalk. A cavity 2.5 cm long was counted as one cavity; 
a cavity 15 cm long was counted as six cavities. 
All data were analyzed as a split plot. Infestation degrees of freedom and sums of 
squares were divided into control vs. infestation (five levels of egg masses), and variation 
caused by levels of infestation was further subdivided into linear, quadratic, cubic, and 
quartic components. Similar comparisons were made for hybrid x infestation interactions. 
RESULTS AND DISCUSSION 
In 1972 the artific ial infestations resulted in a low level of larval establishment; in 1973 
an extremely high level of infestation was achieved. Because of this large difference in larval 
establishment in the 2 years, we present the data for each year instead of combined data. 
A summary of the statistical analysis for cavities per plant, yield, and five yield com-
ponents is presented in Table 1. The data are shown in Tables 2 to 10. The comparison of 
control vs. infestations, which gave highly significant F values for all traits, is not completely 
valid because the control plots were in a strip across the four replications. However, the 
differences between the control and infested plots were large in both years, and no gradients 
were evident in the field. It, therefore , seems likely that these differences were real. Also, in 
a combined analysis over years (not presented) the statistical test for control vs. infestations 
is valid and was highly significant. 
Cavities per plant. 
The infestation mean squares for cavities per plant were highly significant both years 
(Table 1); the variation among infestations, however, was caused almost entirely by the 
differences between the control and the averages for the five levels of infestation. For 
example an infestation with 8, 12, 16, or 20 egg masses per plant did not significantly increase 
stalk damage compared with an infestation with four masses per plant. The linear component 
was significant at £he 10% level in_ 1973, but was l'.l,egative and. significant at the 5% level in 
1972 (Tables 1 and 2) . The average of 4.2 cavities per plant for all levels of infestation and all 
hybrids in 1972 (Table 2) indicates a low amount of stalk damage; the average of 12.9 
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cavities per plant in 1973 indicates a relatively high amount of damage. The range in cavity 
count for the 12 hybrids was 2.4 to 7.2 in 1972 and 7.7 to 20.0 in 1973 (Table 3). 
The difference in stalk damage among hybrids was also highly significant (Table 1). In-
bred B52 is known to be highly resistant to a second-brood infestation (Guthrie et al., 1971), 
and the two single crosses, B52 x Oh43 and B37 x B52, with this line as one parent had the 
lowest number of cavities per plant (Table 3). Some hybrids, however, did not have a signifi-
cantly greater amount of stalk damage than did B52 x Oh43. Moreover, with the low level of 
larval establishment in 1972, B52 x Oh43 showed a higher degree of resistance than it did 
with the high level of larval establishment in 1973. The most susceptible hybrid was A632 x 
A257. 
The highly significant hybrids x infestations interaction was caused almost entirely by 
the component of hybrids x control vs. infestations (Table 1). 
Yield and yield components 
Differences among infestations and among hybrids were highly significant for .yield and 
for the five components of yield (Table 1). Orthogonal comparisons in the infestation ~ean 
squares showed that the variation was caused primarily by the difference between the control 
and the averages for the five levels of infestation. In 1972, weight per 300 kernels had a high-
ly significant linear and quadratic trend (Tables 1 and 2). In 1972 and 1973, percentage ear 
moisture had a highly significant linear trend, indicating that an increase in infestation from 
4 to 20 egg masses per plant caused a decrease in ear shrinkage (Tables 1 and 2); in 1972, 
percentage ear moisture also had a highly significant quadratic effect. In 1973, ear length and 
ear diameter had significant cubic effects for levels of infestation, but these may have been 
random deviations rather than real effects. 
The hybrids x infestations interaction for yield (Table 1) was not significant. The 
hybrids-x-infestations quadratic was significant in 1973-probably a random deviation rather 
than a real effect. In 1972, average reduction in yield for the 12 hybrids ranged from 2.2 to 
21.6 q/ha (Table 4), or 2.9 to 19.8% (Table 10); in 1973, the range was 26.7 to 39.7 q/ha, or 
29.0 to 39.8%. In 1973, Mol 7 x B68 had a yield reduction of 49.6 q/ha (43%) at the highest 
level of infestation (Table 4). The two resistant hybrids, B52 x Oh43 and B37 x B52, had as 
much, or almost as much, loss as most of the other hybrids even though they had less stalk 
damage {Tables 3, 4, and 10). 
Yield reduction for the average of the five levels of infestation over all hybrids, compared 
with the control, was 10.5 q/ha or 11.4% in 1972 and 32.4 q/ha or 34.8% in 1973. Thus, the 
overall reduction in yield and numbers of cavities were about three times greater in 1973 
than in 1972 {Table 10). 
Average yield reduction per cavity was 3.0% in 1972 and 2.8% in 1973. Scott et al. 
(1967) infested 45 single crosses with three to six egg masses per plant; they observed a re-
duction of 2.0% per cavity. 
Results of the analyses of variance for the five yield components were similar to the 
results for yield (Table 1) except that the hybrids x infestations and hybrids x control vs. 
infestations mean squares were significant or highly significant for weight per 300 kernels 
and ear length in 1973 and for percentage ear moisture in 1972 and 1973. The variation 
among hybrids in linear loss in weight per 300 kernels produced a significant hybrids x 
infestations - linear interaction in 1973. A619 x B54 and Mol 7 x B68 had an increase in 
kernel size as the level of infestation increased ; but, in general, kernel size decreased as the 
level of infestation increased (Table 5 ). 
The variation among hybrids in loss of ear moisture may be related to the plant damage 
caused by feeding of corn borer larvae. For example plant damage results in premature 
senescence, which causes field loss of moisture from the ear to begin earlier compared with 
uninjured plants. Loss · of moisture on drying had a significant linear trend (Table 1).that 
indicated an increase in plant damage and premat:.re senescence and a decrease in moisture 
as the level of infestation increased (Table 2). Linear trends among hybrids, however, were 
different as indicated by the significant hybrids-x-infestations linear interaction (Tables 1 
and 9). In some hybrids, including the two most resistant hybrids, B52 x Oh43 and B37 x B52, 
ear moisture did not decrease as levels of infestation increased; most hybrids, however, 
showed a decrease in percentage ear moisture with increased levels of infestation (Table 9). 
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The data in Table 10 indicate that the reduction in yield caused by corn borer damage 
resulted primarily from a decrease in kernel size. Decrease in weight per 300 kernels from 
infested plots averaged 8.0% in 1972 and 22.8% in 1973. This relationship should be expected 
because pollination was complete and number of kernels was determined before the larvae did 
much feeding. Of course the reduction in ear length (4 .2% in 1972 and 11.5% in 1973, Tables 
6 and 10) may have caused a reduction in yield of some hybrids, but a reduction in kernel 
size without a reduction in kernel number could cause a reduction in ear length and ear 
diameter. Also, plant damage may cause some failure of kernel development on the ear tips, 
which would also result in reduced ear length. B52 x Oh43 and B37 x B52 had the lowest 
weight loss per 300 kernels, but were above average in reduction in ear length (Table 10). 
Average decrease in ear diameter was 1. 7% in 1972 and 6. 7% in 1973 (Tables 7 and 10). This 
reduction in kernel size would be expected to cause a reduction in shelling percentage, but 
these reductions (1.1% in 1972 and 3.4% in 1973) were much less than expected (Tables 8 and 
10). Therefore, the reduction in grain weight per ear must have been accompanied by a re-
duction in cob weight. 
Yield losses in 1973 were the greatest that we have ever observed from a second-brood 
infestation. The losses were caused by plant damage, primarily because of collar and sheath 
feeding and not by harvest losses, because the plots were harvested before there were any 
broken stalks or dropped ears. The first, second, third, and fourth instar larvae feed extensive-
ly on sheath and collar tissue (Guthrie et al., 1970) and, under heavy infestations, may cause 
premature senescence of sheath and leaf tissue (Guthrie et al., 1971). The larvae move into 
the stalk and ear shank primarily during the fifth instar stage of development, thus most stalk 
damage is done after grain development is nearly complete. 
In summary, in 1972 the plots had relatively low levels of larval establishment and a low 
amount of damage; in 1973, the plots had a high level of larval establishment and extensive 
damage to leaf sheath and collar tissue. Indeed, in many plots in 1973, heavy feeding on 
collar tissue caused the leaves to drop prematurely, and heavy feeding around the sheath at 
the point of attachment to the node caused the sheaths and leaves to dry out completely. From 
frequent observations, the level of this sheath and collar damage clearly increased as the level 
of infestation increased , though this type of plant damage was not as evident in 1972. 
In 1973, photosynthesis apparently stopped earlier in the plots with the higher levels of 
egg masses per plant. Also, susceptible hybrids such as A632 x A257 appeared more damaged 
than the resistant hybrids B52 x Oh43 and B37 x B52. Since these field observations sug-
gested that differences in yield should have occurred among the five levels of infestation and 
among hybrids, a certain level of plant damage must have produced the reduced yield, and 
any additional damage had no significant effect. 
Our yield data indicate that differences in yield losses among hybrids cannot be pre-
dicted on the basis of differences for number of cavities per plant. Moreover, our results and 
the results of Scott et al. (1967) indicate that the yield loss per cavity is similar at different 
levels of stalk damage when data are averaged for several hybrids. 
Our plots were harvested before the grain was dry enough to permit machine harvest. If 
the plots had been harvested by machine-and at a later date-harvest losses would have been 
considerable in the infested plots because of broken stalks and dropped ears. We can also 
assume that the losses would be greater in earlier maturing susceptible hybrids that usually 
have less stalk strength. 
The cavity counts for the 2 years showed that adequate levels of infestation can be ob-
tained with four egg masses per plant and that any additional infestations are of little value. 
This was true though the counts for 1972 were only about 1/3 as high as in 1973. Of course 
one could expect more " escapes" with four egg masses per plant than with a high number. 
The two resistant hybrids, B52 x Oh43 and B37 x B52, may be effective in reducing 
second-brood European corn borer populations as measured by plant damage, but they had 
as much , or almost as much, loss in yield as did most of the other hybrids. Difference in 
tolerance, as well as antibiosis, may have affected grain development in some of the hybrids. 
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Table 1. Results of F-tests for cavities, yield, and five ear characters. m 
r 
Cavities Wt/ Ear Ear Ear 0 r per Yield 300K length diameter Shelling moisture 0 
plant q/ha % % (/) Source D.F. g cm cm (/) tTl 
(/) 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 n 
Replications 3 ** * > ns ns ns ns ns ns ns ns ns ns ns ns c 
(/) 
Infestations 5 ** ** ** ** ** ** ** ** ** ** * ** ** ** tTl 0 
Control vs. infestations 1 ** ** ** ** ** ** ** ** ** ** ** ** ** ** o:l 
>-<: 
Infestations - linear 1 ** ns ns ns ** ns ns ns ns ns ns ns ** ** tTl 
quadratic ** ** ** 
c 
1 ns ns ns ns ns ns ns ns ns ns ns ::<:l 
0 
cubic 1 ns ns ns * * ns ns "'Cl tTl 
quartic 1 ns ns ns ns ns ns ns > z 
Error (a) 15 n 0 
Hybrids 11 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ::<:l z 
Hybrids x infestations 55 ** ** ns ns ns ** ns * ns ns ns ns ** ** o:l 0 
Hybr. x cont. vs. infest. 11 ** ** ns ns ns ** ns ** ns ns ns ns ** ** ::<:l tTl 
Hybr. x infestation ::<:l (/) 
linear 11 * ns ns ns ns * ns ns ns ns ns ns ** * 
quadratic 11 ns ns ns * ns ns ns ns ns ns ns ns ns ns 
cubic 11 ns ns ns ns ns ns ns 
quartic 11 ns ns ns ns ns ns ns 
Error (b) 198 
*,** Significant at the 5 and 1 % levels, respectively. 
ns Nonsignificant. Cubic and quartic mean squares were not computed in 1972. 
~ 
~ 
w 
Table 2. Average cavities per stalk, yield, yield components, and ear moisture on drying for the control and five levels of infestation (averaged 
over 12 single crosses). Ankeny, Iowa 
Wt/ Ear Ear Ear 
No. of egg Cavities Yield 300K length diameter Shelling moisture 
masses/Qlant Qer stalk g/ha __g cm cm % % 
1972 1973 1972 1973 1972 1973 1972. 1973 1972 1973 1972· 1973 1972 1973 
Control 0.2 0.4 88.2 93.4 82.7 80.8 16.5 18.3 4.3 4.5 83.8 83.9 32.1 34.4 
4 4.5 11.5 80.0 66.4 72.8 65.7 15.8 16.5 4.3 4.2 82.9 81.7 26.7 31.8 
8 5.4 12.6 78.3 59.0 73.2 61.'7 15.7 15.9 4.2 4.1 83.0 81.0 26.6 32.1 
12 3.5 12.9 74.2 59.1 77.2 60:9 15.6 15.9 4.3 4.2 83.1 81.0 28.5 31.6 
16 3.0 12.9 79.7 62.3 80.9 62.7 15.9 16.3 4.3 4.3 83.6 81.1 30.8 30.4 
20 4.7 14.7 76.2 58.3 75.7 60.4 15.8 16.0 4.2 4.1 82.9 80.8 27.1 30.6 
Meana 4.2 12.9 77.7 61.0 76.0 62.3 15.8 16.1 4.3 4.2 83.1 81.1 27.9 31.3 
L.S.D. (.05) 0.5 3.4 3.6 7.2 2.4 4.6 0.4 0.6 0.05 0.1 0.6 0.9 1.4 1.2 
aAverage for five levels of infestation (4, 8, 12, 16, 20 egg masses/pl). 
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Table 3. Cavities per stalk for 12 single crosses for the control and five levels of infestation. ti1 l' 
ti 
Egg masses per plant l' 0 
{/l 
Hybrid Control 4 8 12 16 20 Mean<\ {/l tTI 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
{/l 
(') 
> 
A619 x B54 0.2 0.3 5.1 13.1 4.7 16.5 3.5 15.2 2.5 15.3 4.9 15.4 4.1 15.1 c: {/l 
tTI 
B37 x Oh43 0.2 0.4 4.2 10.6 5.3 13.0 2.4 14.4 2.2 12.8 4.8 14.4 3.8 13.0 ti 
A632 x B54 0.1 0.3 5.0 12.5 6.1 12.6 3.5 13.0 4.3 12.8 5.6 14.5 4".9 13.1 tc 
-< 
A632 x B70 0.2 0.4 3.8 12.8 5.9 12.6 3.9 12.6 2.9 14.9 5.7 16.3 4.4 13.8 tTI c: 
A632 x A257 0.3 0.6 8.2 17.3 8.8 20.4 6.2 18.2 5.7 17.8 7.0 26.3 7.2 20.0 
:;i:; 
0 
"'Cl 
B37 x B70 0.2 0.4 3.2 10.0 5.1 12.4 3.0 10.4 2.3 9.7 3.4 13.9 3.4 11.3 tTI > 
B37 x Mol 7 0.3 0.6 4.2 10.6 4.6 9.5 3.5 12.6 3.0 11.5 4.2 11.5 3.9 11.1 z (') 
B37 x B73 0.4 0.4 5.1 13.2 5.9 12.7 3.5 15.3 2.8 13.7 5.0 15.3 4.5 14.0 0 
:;i:; 
B14A x B73 0.2 0.9 6.1 12.0 6.2 14.8 3.9 14.2 3.9 15.6 4.8 16.0 5.0 14.5 z 
tc 
Mol 7 x B68 0.1 0.3 4.7 8.5 6.2 10.0 3.8 9.9 2.6 13.3 5.2 12.6 4.5 10.9 0 
:;i:; 
B37 x B52 0.2 0.3 2.4 7.6 2.7 7.8 2.6 8.6 1.6 6.8 2.8 7.9 2.4 7.7 tTI :;i:; 
B52 x Oh43 0.1 0.3 2.6 9.5 3.4 9.2 2.0 10.1 2.0 10.4 3.4 12.4 2.7 10.3 
{/l 
Mean 0.2 0.4 4.5 11.5 5.4 12.6 3.5 12.9 3.0 12.9 4.7 14.7 4.2 12.9 
L.S.D. (.05) 
1972 1973 
Between infestation means over all hybrids 0.5 3.4 
Between infestation means within a hybrid 1.3 4.9 
Between hybrid means over all infestations 0.6 1.6 
Between hybrid means within an infestation 1.2 3.7 
a Average for ~ive Jevels of infestation. 
~ 
""' (JJ 
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Table 4. Yield ( q/ha) for 12 single crosses for the control and five levels of infestation. ~ 
Egg masses 12er 12lant 
Hybrid Control 4 8 12 16 20 Meana lossb 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
A619 x B54 70.4 78.7 67.3 49.9 53 .6 49.9 61.9 50.8 68.2 55.9 65.8 53.7 63.4 52.0 7.0 26 .7 
B37 x Oh43 79.2 90.7 66.5 61.2 64.4 51.9 68.7 50.8 78.1 54.0 76.6 56.8 70.9 54.9 8.3 35.8 
A632 x B54 82.4 97.0 67.5 68.6 67.2 61.5 64.5 59.6 75.3 60.1 62.0 62.8 67.3 62.5 15.1 34.5 
A632 x B70 76.9 91.3 70.1 64.9 75.9 69.2 71.1 65.4 78.9 68.6 77.6 55.8 74.7 64.8 2.2 26 .5 
A632 x A257 67.3 82.8 65.1 55.6 56.6 51.2 57.5 51.2 67.5 54.1 62.4 50.2 61.8 52.5 5.5 30.3 
B37 x B70 102.7 98.5 89.9 77 .8 102.7 61.9 82.7 69.4 104.0 72.0 87.5 68 .3 93.4 69.9 9.3 28.6 C'.l 0 
B37 x Mol 7 90.3 102.3 76.1 72.0 84.0 55.2 86.7 57.1 76.5 64.9 75.7 63.8 79.8 62.6 10.5 39.7 >-3 ::i:: 
B37 x B73 119.6 88.3 102.4 63.8 92.2 52.6 97.3 47.0 90.3 52.5 97.3 50.2 95.9 53.2 21.6 35.1 ~ ~ 
Bl4A x B73 72.7 80.6 61.6 61.7 69.1 51.5 64.7 48.4 75.6 48.3 57.8 42.1 65.8 50.4 6.9 30.2 ::i::i 
Mol 7 x B68 93.4 114.2 89.0 85.8 89.5 79.0 72.3 79.2 89.1 85.8 73.5 64.6 82.7 78.9 10.7 35 .3 0 rJl 
rJl 
B37 x B52 98.0 101.6 94.1 67.3 81.7 67.4 87.7 65.0 86.4 67.1 90.9 67.6 88.2 66.9 9.8 34.7 trj t:""' 
t:""' 
B52 x Oh43 104.2 95.1 9.7.2 68.8 81.9 57.2 85.0 65.7 88.3 64.8 89.2 63.4 88.3 64.0 15.9 31.1 ~ z 
Mean 88.2 93.4 80.0 66.4 78.3 59.0 74.2 59.1 79.7 62.3 76.2 58.3 77 .7 61.0 10.5 32.4 trj 0 
a: 
> 
L.S.D. (.05) z ?< 
1972 1973 ~ 
trj 
Between infestation means over all hybrids 3.6 7.2 ~o 
Between infestation means within a hybrid 12.9 12.8 Ill = 
Between hybrid means over all infestations 8.5 4.9 
Q. 
C'.l 
Between hybrid means within an infestation 18.9 10.9 ; 
a Average for five levels of infestation. 0 trj 
bAverage for five levels of infestation minus control = yield loss (q/ha) from a second-brood infestation. t:""' > z 
0 
>-<: 
Table 5. Weight per 300 seeds (grams) for 12 single crosses for the control and five levels of infestation fi1 
r 
~gg masses per plant 0 
r 
Hybrid Control 4 8 12 16 20 Meana 0 (/) 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
(/) 
tTl (/) 
A619 x B54 87.5 84.0 72.3 62.8 77.4 64.9 75.5 63.7 84.2 63.8 78.3 62.2 77.5 63 .5 n > 
B37 x Oh43 80.0 73.5 69.4 59.1 72.6 53.6 78.7 55.0 78.4 54.5 69.2 55.9 73.7 55.6 c (/) 
A632 x B54 87.9 88.4 71.2 72.6 69.8 65.3 79.6 61.4 84.2 66.8 72.9 65.6 75.5 66.3 tTl 0 
A632 x B70 86.6 92.2 78.0 70.2 73.7 68.2 84.0 66.2 89.8 70.0 78.5 62.6 80.8 67.4 tc >-<: 
A632 x A257 75.8 77.2 70.9 62.5 68.6 58.6 71.8 60.7 75.2 63.1 77.9 60.0 72.9 61.0 tTl c 
B37 x B70 84.2 79.6 74.4 66.0 78.6 66.6 78.9 62.5 84.4 60.1 78.6 56.7 79.0 62.4 ~ 0 
B37 xMo1 7 90.1 84.4 75.9 70.7 80.7 63.6 84.9 59.8 87.8 70.2 82.1 62.6 82.3 65.4 "' tTl > B37 x B73 77.8 74.3 68.7 57.6 66.0 50.7 71.1 47.7 74.5 48.6 71.1 50.6 70.4 51.0 z 
B14A x B73 84.5 86.2 ~6.9 70.7 69.6 57.5 74.3 62.8 79.1 60.8 73.6 53.7 72.7 61.1 n 0 
~ 
Mol7xB68 90.9, 89.1 82.6 71.9 84.2 73.2 82.8 71.5 88.0 76.6 82.0 72.8 83.9 73.2 z 
B37 x B52 76.6 69.0 71.7 62.8 68.6 56.9 73.0 58.2 75.1 58.7 75.2 61.8 72.6 50.7 tc 0 
B52 x Oh43 70.8 72.3 71.7 61.2 68.6 61.2 71.6 61.4 69.9 58.8 68.9 60.6 70.1 60.6 ~ tTl 
~ 
Mean 82.7 80.8 72.8 65.7 73.2 61.7 77.2 60.9 80.9 62.7 75.7 60.4 76.0 62.3 (/) 
L.S.D.(.05) 
1972 J973 
Between infestation means over all hybrids 2.4 4.6 
Between infestation means within a hybrid 7.4 8.2 
Between hybrid means over all infestations 3.1 3.1 
Bet\\'.een hybrid means within an infestation 7.0 6.9 
a Average for five levels of infestation. 
t-.) 
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Table 6. Ear length (cm) for 12 single crosses for the control and five levels of infestation. ""' 00 
Egg masses per plant 
Hybrid Control 4 8 12 16 20 Meana 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
A619 x B54 14.2 16.6 14.6 14.8 14.3 15.1 14.0 14.6 13.3 16.1 14.2 16.4 14.1 15.4 
B37 x Oh43 14.0 18.3 13.1 15.7 13.0 14.5 13.5 14.8 14.4 14.6 13.8 15.5 13.6 15.0 
A632 x B54 17.2 19.3 15.6 18.2 16.1 17.7 16.1 16.0 16.1 17.1 15.6 17.4 15.9 17.5 
A632 x B70 14.8 17.0 15.0 16.9 15.4 17.5 14.4 17.0 15.1 16.8 15.5 15.6 15.1 16.8 
A632 x A257 15.1 19.0 15.0 16.3 14.6 15.7 14.6 15.8 14.5 15.9 15.0 16.4 14.7 16.0 0 c 
B37 x B70 17.1 18.0 15.6 17.4 16.8 15.9 16.0 17.0 17.3 16.9 15.9 17.0 16.3 16.8 ~ :::i:: 
B37 x Mol7 17.3 20.0 15.4 17.4 16.0 15.7 15.9 14.1 16.2 16.8 15.6 16.8 15.8 16.2 ~ 
B37 x B73 .· 18.3 15.6 17.8 14.9 17.2 14.1 17.4 13.5 17.0 14.0 17.9 13.8 17.5 14.1 l"'1 :::c 
Bl4A xB73 15.9 16.1 15.2 15.2 15.8 16.3 15.2 15.4 15.7 14.8 15.5 14.2 15.5 15.2 c 
"1 
Mo17 x B68 19.0 21.6 18.0 19.2 18.0 18.0 
"1 
17.3 18.9 18.0 19.8 17.3 17.3 17.7 18.6 t'fj 
t"" 
B37 x B52 16.3 18.4 16.1 14.8 14.9 14.5 16.2 15.4 15.8 15.7 15.9 15.4 15.8 15.2 !"' 
B52 x Oh43 18.3 19.6 18.2 17.2 16.3 15.6 16.8 17.1 17.0 16.9 17.2 16.8 17.1 16.7 z t'fj 
Mean 16.5 18.3 15.8 16.5 15.7 15.9 15.6 
c 
15.9 15.9 16.3 15 .8 16.0 15.8 16.1 s:: 
~ 
L.S.D. {.05} ?-g; 1972 1973 t'fj 
Between infestation means over all hybrids 0.4 0.6 9 
~ Between infestation means within a hybrid 1.3 1.9 = Q. 
Between hybrid means over all infestations 0.6 0.8 0 
Between hybrid means within an infestation 1.3 1.8 :::c 
a Average for five levels of infestation. ~ t'fj 
t"" 
> z 
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Table 7. Ear diameter (cm) for 12 single crosses for the control vs. five levels of infestation. 
Egg masses per plant 
Hybrid Control 4 8 12 
1972 1973 1972 1973 1972 1973 1972 1973 1972 
A619 x B54 4.5 4.6 4.5 4.3 4.5 4.3 4.4 4.5 4.3 
B37 x Oh43 4.5 4.6 4.3 4.4 4.2 4.2 4.5 4.2 4.5 
A632 x B54 4.2 4.5 4.0 4.3 4.0 4.2 4.2 4.2 4.2 
A632 x B70 4.0 4.4 4.0 4.1 4.1 4.3 4.1 4.1 4.1 
A632 x A257 3.9 4.4 4.0 4.0 3.8 3.9 3.9 4.0 4.0 
B37 x B70 4.5 4.6 4.4 4.3 4.5 4.3 4.4 4.4 4.6 
B37 xMo17 4.4 4.5 4.3 4.3 4.2 3.9 4.4 3.9 4.2 
B37 x B73 4.4 4.6 4.3 4.6 4.3 4.2 4.4 4.2 4.3 
B14A x B73 4.4 4.4 4.3 4.2 4.2 3.8 4.2 4.2 4.3 
Mol7 x B68 4.3 4.4 4.2 4.2 4.2 4.1 4.1 4.2 4.2 
B37 x B52 4.5 4.5 4.5 4.1 4.4 4.0 4.4 4.3 4.5 
B52 x Oh43 4.4 4.5 4.4 4.2 4.1 4.1 4.2 4.2 4.2 
Mean 4.3 4.5 4.3 4.2 4.2 4.1 4.3 4.2 4.3 
L.S.D. (.05) 
1972 1973 
Between infestation means over all hybrids o.o5 OT 
Between infestation means within a hybrid 0.2 0.4 
Between hybrid means over all infestations 0.1 0.2 
Between hybrid means within an infestation 0.2 0.4 
aAverage for five levels of infestation. 
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4.3 4.6 4.1 
4.2 4.3 4.2 
4.3 4.2 4.1 
Meana 
1972 1973 
4.5 4.4 
4.4 4.2 
4.1 4.2 
4.1 4.1 
3.9 4.0 
4.5 4.4 
4.3 4.1 
4.3 4.3 
4.2 4.1 
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4.3 4.2 
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Table 8. Percent shelling for 12 single crosses for the control vs. five levels of infestation. N U1 0 
Egg masses per plant 
Hybrid Control 4 8 12 16 20 Meana 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
A619 x B54 82.8 83.1 81.5 82.1 '82.1 80.8 80.8 80.5 82.8 82.0 81.8 82.6 81.8 81.6 
B37 x Oh43 82.0 84.0 81.8 82.4 82.4 81.5 82.2 80.6 82.0 81.8 83.0 81.8 82.3 81.6 
A632x B54 83.6 84.2 80.6 81.1 80.6 80.3 81.0 80.3 82.3 79.0 80.4 79.8 81.0 80.1 
A632 xB70 85.4 86.4 83.8 82.8 83.8 83.1 84.4 82.5 85.5 80.7 84.1 82.0 84.3 82.2 
A632 x A257 83.9 85.2 83.5 82.1 82.8 81.8 83.5 82.3 83.1 82.2 83.5 80.3 83.3 81.8 
C') 
B37 x B70 82.7 83.0 82.6 80.2 83.4 79.4 82.2 81.2 83.2 80.9 82.4 80.3 82.8 80.4 0 
lo-3 
B37 x Mol 7 82.6 83.4 82.8 82.6 83.3 81.4 82.1 82.0 82.9 82.0 84.1 82.0 83.0 82.0 ::i:= ~ B37 x B73 87.1 81.1 85.2 78.5 85.0 77.2 85.3 76.6 86.4 76 .8 84.7 77.1 85.3 77.2 !'1 
B14A x B73 84.1 82.2 81.2 80.6 81.4 78.3 83.0 78.5 83.0 79.8 81.6 78.2 82.0 79.1 ::i::l 0 
Mo17 x B68 87.1 87.8 85.7 84.9 86.2 85.4 86.4 84.4 86.9 84.8 84.6 83.8 86.0 84.7 ~ ~ 
trj 
B37 x B52 79.1 82.3 81.0 79.9 81.0 81.5 81.8 80.7 81.2 80.3 80.8 79.8 81.2 80.4 t"' r 
B52 x Oh43 85.4 84.4 85.0 82.7 83.3 81.0 84.4 82.1 84.2 82.4 83.4 81.7 84.1 82.0 z 
Mean 83.8 83.9 82.9 81.7 83.0 81.0 83.1 
trj 
81.0 83.6 81.1 82.9 80.8 83.1 81.1 ~ 
L.S.D. (.05) ~ z 
1972 1973 ?-
Between infestation means over all hybrids 0.6 0.9 g; 
Between infestation means within a hybrid 2.0 2.2 trj 
Between hybrid means over all infestations 0.9 0,9 ~o 
Between hybrid means within an infestation 1.9 2.1 IO 
= Q., 
a Average for five levels of infestation. C') 
::i::l 
~ 
trj 
t"' 
~ 
0 
Table 9. Ear moisture loss on drying(%) for 12 single crosses for the control and five levels of infestation. -< m 
l' 
Egg masses per plant 0 l' 
0 
Hybrid Control 4 8 12 16 20 Meana (./l (./l 
t'T1 
(./l 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 n 
> 
A619 x B54 30.8 33.1 25.0 30.8 26.2 30.0 24.8 30.0 30.0 29.6 24.1 31.4 26.0 30.4 c (./l 
B37 x Oh43 36.8 37.4 32.4 35.4 33.4 36.1 34.4 35.9 34.2 32.8 29.6 34.0 32.8 34.8 t'T1 0 
A632 x B54 26.5 29.4 18.3 24.3 16.0 23.8 20.0 22.8 23.9 22.8 20.1 21.0 19.7 22.9 t:C 
-< 
A632 x B70 28.1 30.4 21.2 25.4 20.8 25.9 23.4 24.0 27.2 21.4 20.6 22.2 22.6 23.8 t'T1 c 
A632 x A257 24.2 28.6 19.1 25.3 18.1 24.7 20.6 25.7 19.5 24.3 18.4 23.9 19.1 24.8 ~ 0 
B37 x B70 34.4 35.1 30.1 32.4 29.7 34.2 32.8 31.6 32.6 29.8 31.8 28.4 31.4 31.3 '"O t'T1 
B37 x Mol 7 34.0 36.2 29.0 33.4 30.2 33.8 31.0 31.7 36.0 32.0 30.1 31.5 31.3 32.5 > z 
B37 x B73 33.1 34.2 24.6 29.7 24.7 29.7 26.3 29.6 31.4 28.3 26.0 31.4 26.6 29.7 n 0 
B14A x B73 30.6 34.8 21.2 31.8 19.8 30.4 26.0 30.9 29.0 30.6 24.8 29.2 24.2 30.6 ~ z 
Mol 7 x B68 35.1 37.1 29.5 35.3 29.6 .35.9 33.0 34.8 34.7 33.4 31.4 35.2 31.6 34.9 t:C 0 
B37 x B52 35.6 39.3 36.2 40.7 32.3 41.3 36.3 42.2 36.4 41.5 35.0 41.3 36.2 41.4 ~ t'T1 
B52 x Oh43 35.6 37.0 33.9 37.7 33.1 39.4 33.4 39.4 34.7 38.6 32.8 38.0 33.6 38.6 ~ (./l 
Mean 32.1 34.4 26.7 31.8 26.6 32.1 28.5 31.6 30.8 30.4 27.1 30.6 27.9 31.3 
L.S.D. {.05} 
1972 1973 
Between infestation means over all hybrids 1.4 1.2 
Between infestation means within a hybrid 3.8 3.2 
Between hybrid means over all infestations 1.6 1.4 
Between hybrid means within an infestation 3.6 3.0 
a Average for five levels of infestation. 
~ 
~ 
N 
(JJ 
Table 10. Number of cavities per plant (averaged over five levels of infestation of 4, 8, 12, 16, and 20 egg masses per plant) and percent N 
reduction (control compared with the averages of five levels of infestation) for six agronomic traits. 
No. 
cavities Moisture 
per Wt. per Ear Ear Shelling loss 
Hybrid plant Yield 300K length diameter % % 
1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 1972 1973 
A619 xB54 4.1 15.1 9.9 33.9 11.4 24.4 0.7 7.2 0 4.3 1.2 1.8 15.6 8.2 
B37 x Oh43 3.8 13.0 10.5 39.5 7.~ 24.4 2.9 18.0 2.2 8.7 -0.4 2.9 10.9 7.0 
A632 xB54 4.9 13.1 18.3 35.6 14.1 25.0 7.6 9.3 2.4 6.7 3.1 4.9 25.7 22.1 0 
A632 x B70 4.4 13.8 2.9 29.0 6.7 26.9 -2.0 1.2 -2.5 6.8 1.3 4.9 19.6 21.7 d .., 
A632 x A257 7.2 20.0 8.2 36.6 3.8 21.0 2.6 15.8 0 9.1 0.7 4.0 21.1 13.3 ::i:: Cl 
B37 x B70 3.4 11.3 9.1 29.0 6.2 21.6 4.5 6.7 0 4.3 -0.1 3.1 8.7 10.8 1"1 
B37 xMo17 3.9 11.1 11.6 38.8 8.7 22.5 8.7 19.0 2.3 8.9 -0.5 1.7 7.9 10.2 ~ d 
B37 x B73 4.5 14.0 19.8 39.8 9.5 31.4 4.4 9.6 2.3 6.5 2.1 4.8 19.6 13.2 
(/) 
(/) 
trl 
B14A x B73 5.0 14.5 9.5 37.5 14.0 29.1 2.5 5.6 4.5 6.8 2.5 3.8 20.9 12.1 t"" ~t"" 
Mo17 x B68 4.5 10.9 11.5 30.9 7.7 17.8 6.8 13.9 2.3 4.5 1.3 3.5 10.0 5.9 2 
trl 
B37 x B52 2.4 7.7 10.0 34.2 5.2 13.5 3.1 17.4 0 6.7 ~ 2.7 2.3 -1.7 -5.3a ~ 
B52 x Oh43 2.7 10.3 15.3 32.7 1.0 16.2 6.6 14.8 4.5 6.7 1.5 2.8 -5 .6 -4.3a ~ 
Mean 4.2 12.9 11.4 34.8 8.0 22.8 4.2 11.5 1.7 6.7 1.1 3.4 13.3 10.4 ~2 
~ 
a Average value for the five levels of infestation of 4, 8, 12, 16, and 20 egg masses per plant was higher than the control. trl ~o 
Ill 
:I 
c. 
0 
~ 
trl 
t"" 
> 2 
0 
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VEGETATION MANAGEMENT AND MICROBIAL FUNCTION IN 
A TALLG.RASS PRAIRIE I R. P. Herman1 and C. L. Kucera2 
ABSTRACT. This study examines the effects of vegetation management on the function of 
the microbial community of a mid-Missouri tallgrass prairie. The parameters of cellulose de-
composition and soil respiration were measured in annµally burned, annually mowed, 
mulched, and untreated areas. Annual decomposition rates from the four areas were signifi-
cantly different. The annual decomposition was found to be a composite of two linear de-
composition rates, one for the warm season and one for the cool season. The warm-season 
decomposition rates were statistically similar among the four areas, whereas cool-season 
rates in the burned and mowed areas were higher than in the mulched and control areas. 
Soil respiration was apportioned into root and heterotrophic contributions. Soil respiration 
rates measured by absorption-titration during the summer months are not statistically differ-
ent among the four treatment areas. 
INTRODUCTION 
The effects of vegetation management on structure and function of higher-plant com-
munities in the eastern portion of the prairie peninsula are significant. In general the removal 
of dead, biomass by burning or mowing increases both grass dominance and total productivity, 
whereas the buildup of litter through mulching or lack of management causes grass stagnation, 
increased broadleaf dominance,. and invasion of woody species where moisture is adequate 
(Kelting, 1957; Kucera and Ehrenreich, 1962; Kucera et al., 1963;Kucera and Koelling, 1964; 
Lemon, 1967; Vogl, 1967; Hulbert, 1969; Old, 1969). Only recently has any attention been 
paid to the effects of higher-plant management on the structure of prairie microbial com-
munities (Wicklow, 1973; Thayer, 1974). To date there is limited information on the effect 
of such management on microbial community function (Thayer, 1974). To determine if 
vegetation management has as great an effect on function of the microbial community as on 
higher plants, we analyzed cellulose decomposition and soil respiration in four management 
areas in a Missouri tallgrass prairie. 
MATERIALS .AND METHODS 
Study Area 
This research was done at the University of Missouri Tucker Prairie Research Station, a 
58 ha plot of native prairie located in Callaway County (T 48N, R lOW, Sec. 12, SW 1/.1 ), 27 
kilometers east of Columbia, Missouri. Vegetation is dominated by Andropogon scopai"ius 
(Little Bluestem), A . gerardi (Big Bluestem),Sporobolus heterolepis (Prairie Drop Seed), and 
several species of the genera Solidago, Aster, and Helianthus. · 
Four different 111anagement areas were studied. The control plot and annually hurried 
plots were 30-by-60-meter areas established in 1958. The control plot has been free of dis-
turbance since that time, while the burned area has been burned each year in late March or 
early April. The mowed area was a 10-by-30-m section of the mowed perimeter strip, .which 
has been cut, swathed, and baled each winter since 1958. The mulched plot was a 20-by.-20-m 
1 Instructor, Division of Biological Science, University of Missouri, Columbia, Missouri 65201. 
2 Professor, Division of Biological Science, University of Missouri, Columbia, Missouri. 
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area cut each spring and fall during the course of this study (1971 to 1973). The vegetation 
was mowed to a height of 15 cm with all the cut material left on the area as a mulch. Prior 
to this study the area had been mowed or burned at infrequent intervals since 1958. 
Cellulose Decomposition 
Alpha-cellulose paper samples five cm square were used as the substrate for decomposi-
tion. The squares were enclosed in nylon tulle mesh bags with five holes per centimeter. The 
bags were tagged with plastic embossed labels and strung together into groups of four with 
monofilament fishing line to facilitate recovery. Twenty-four squares were buried in each 
treatment area on April 19, 1972. The bags were inserted into a slit cut into the soil with the 
top of the sample even with the soil surface. 
Four squares were removed from each area at the following intervals after burying: 1, 2, 
3, 6, and 9 months, and 1 year. The squares were washed , unbagged, rewashed, and picked 
clean of soil debris. They were then oven dried at 70°C for 24 hours and weighed. Results 
were calculated as percentage of the original weight left intact at the end of the interval. 
Soil Respiration 
Soil respiration was measured by the absorption-titration method. Twenty-five-mm-
wide vials with 5 ml of lN KOH were placed in holes bored in the soil so that 3 cm of the 
6-cm-high vial protruded from the soil. The litter was cleared from the area to eliminate this 
variable and the vials were covered with seamless soil cans 9.5 cm in diameter and 6.5 cm 
deep. The open ends of the cans were forced 2.5 cm into the soil to trap all C0 2 evolved 
from the area under the cans. At the end of the study a 3.5-cm-diameter core 0.5 m deep 
was taken under each can to determine root biomass. 
Five absorption units were run in each of the four treatment areas. Collection vials were 
left in place for 24 hours to eliminate the diurnal variations reported by Witkamp (1969). 
Absorption units were in place for 5 days in August, 1973. 
After exposure in the field chambers, the vials were tightly capped and returned to the 
laboratory. The absorption solution was precipitated with BaC12 and titrated with lN HCL 
using phenolphthalein as the end-point indicator. Vials were filled, precipitated, and titrated 
under nitrogen to prevent the absorption of atmospheric C0 2 • 
Large roots were separated from the soil by hand, while fine roots were removed by the 
following flotation technique. The soil was ground with a mortor and pestle and placed in a 
6-cm-wide jar to a depth of 1 cm. Twenty-five percent ethanol was added to the jar to make 
a suspension 6 cm deep, and roots were allowed to float to the surface. These were then 
filtered out b'.y using cheesecloth. The flotation process was repeated un_til no more roots 
were recovered. All roots were dried for 24 hours at 70°C and weighed. The C02 attributa-
ble to roots and to heterotrophic organisms was apportioned by use of the regression tech-
nique developed by Kucera and Kirkham (1971). 
RESULTS 
Cellulose Decomposition 
The mean percentage cellulose remaining at the end of each time interval in the four 
treatment areas is listed in Table 1. Each value is the mean of four determinations. When the 
data were graphed on one-cycle, semi-log paper, an L-shaped plot was indicated. A comparison 
of data from t_h~ burned and control areas is shown in Figure 1. For each treatment, different 
decay rates for the warm and cool seasons of the year are suggested. Because the plots 
yielded straight lines, the decay of cellulose in soil is assumed to approximate closely a 
logarithmic decay curve and can be assigned a decay constant by using the formula 
k = ln (N0 /Nr) 
t 
where k is the decay constant, N0 the original amount of material, and Nr the amount re-
maining at the end of time t. Because the composite curve consisted of two different slopes, 
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Table 1. Percentage cellulose remaining in bagged samples buried in Tucker Prairie. 
Area 
Control 
Burned 
0 1 
100 77.2±0.8* 
100 74.8±1.0 
2 
58.8±0.7 
57.7±0.7 
Mowed 100 76.2±1.0 59.1±1.1 
Mulched 100 76.1±1.3 59.4±1.0 
* ± standard deviation 
Months buried 
3 6 9 12 
45.8±0.8 21.4±1.0 18.9±0.7 16.7±0.8 
42.9±0.8 18.6±0.7 15.0±0.4 12.5±0.7 
45.2±0.6 21.0±1.3 17.4±0.6 14.8±1.0 
44.1±1.4 20.4±1.0 18.2±0.7 16.1±0.5 
257 
the decay rates for the warm season (April to October) and the cool season (October to 
April) were computed, in addition to an annual rate based simply on the slope established by 
initial and final values. The rates expressed as percentage cellulose loss per day are listed in 
Table 2. 
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Figure 1. Decay curve of bagged cellulose samples in burned and control treatment areas. 
Each point is the mean of four determinations. Vertical bars indicate standard 
deviations. 
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The annual decomposition rates were significantly different for all areas (P = 0.05). The 
warm-season rates were statistically indistinguishable for all treatment areas, whereas cool-
season rates in the mowed and burned areas differed significantly from the mulched area but 
were not different enough from the control to be statistically significant. 
Table 2. Annual and seasonal decay rate (k) for the four treatment areas at Tucker Prairie. 
Area 
Control 
Burned 
Mowed 
Mulched 
Soil Respiration 
Annual decay rate 
0.491 
0.570 
0.524 
0.501 
Warm season Cool season 
0.857 0.138 
0.935 0.220 
0.867 0.195 
0.884 0.132 
The results of the soil respiration study are plotted in Figure 2. Each point represents 
one 24-hour observation expressed as mg C02 evolved m-: hr-I . To compute that portion of 
total respiration attributable to microbial activity, regression lines of C0 2 evolved versus 
root biomass are plotted for each treatment area. The y-intercept value of the regression line 
is the soil respiration in the absence of any roots and theoretically represents the contribu-
tion of the heterotrophic community. The intercepts of these lines on the y axis are not 
statistically different at the 5% level. A recalculation of all the data to produce a common 
regression line yields a y-intercept value of 169.9 mg C0 2 m-2 hr-I. Whereas regression lines 
for all areas were statistically indistinguishable, there was a marked similarity in slope be-
tween the burned and mowed areas-those with biomass removed. There was also a similar 
slope in the regression lines of those areas with biomass accumulation-the mulched and 
control areas. 
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Figure 2. Soil respiration and root biomass regression for four treatment areas in Tucker 
Prairie. Each point represents one 24-hour determination. 
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DISCUSSION 
Microbial activity in the soil is essentially a year-long process, although there are times 
during the cold season when no activity is detectable (Kucera and Kirkham, 1971). Previous 
studies (Koelling, 1964; Reuss, 1971; Thayer, 1974) only analyzed the decay of cellulose 
over the warmer months of the year. The present study followed decay throughout the entire 
year. On an annual basis the four treatment areas in this study had statistically differentrates 
of decay. The most rapid rate of decay was in the burned area with 0.57% per day loss of 
cellulose. The other areas followed in order: mowed (0.52% per day), mulched (0.50% per 
day), and control (0.49% per day). 
The most useful information gained in a year-long study is on the dual nature of decay 
dependent on the season of the year. The decay curves for all four areas were in the form of 
obtuse angles indicating a faster rate of decay during summer than during winter. Since 
differences in rate among the four areas for this portion of the year were not significant, a 
good estimate of the decomposition rate for the summer months can be found by averaging 
the rates for the four treatment areas to give a composite rate of 0.89% per day. 
The winter data present quite a different picture. The rates of cellulose loss range from 
a high of 0.22% per day for the burned area to a low of 0.13% per day for the mulched area. 
The burned &nd mowed areas were statistically different from the mulched area (i> = < 0.05). 
Though not statistically significant, the difference between the burned and mowed areas and 
control area indicated trends in the direction of faster decay rates in the areas with biomass 
removed. 
Probably the differences seen in winter decay rates are a function of temperature. A 
surface free from a deep thatch of litter is capable of faster warming from solar energy than 
an area with a deep insulating thatch. This warming would allow greater microbial activity on 
sunny days during winter in mulch-free areas. The burned area had an additional factor 
contributing to higher soil temperatures during early spring. The darkened soil surface caused 
by the burning provides a better absorptive surface for solar radiation. Ehrenreich (1959) and 
Kucera and Ehrenreich (1962) both noted the earlier start of growth in higher plants, due to 
earlier soil warming. Extending these results to decay microorganisms would give the burned 
area a 10-day to 2-week head start in decomposition activity over the other areas. 
The overall rate differences observed on an annual basis are probably a synthesis of 
significant winter differences and slight variations measured in summer. Integration of these 
seasonal values yields composite annual rates among the four treatment areas, which are 
statistically different. 
Soil Res pi ration 
The respiration portion of this study was made in August, 1973. The mean soil tempera-
ture was 20°± 2°C and the field moisture was always above the permanent wilting percentage 
but not above field capacity. Kucera and Kirkham (1971) demonstrated that these conditions 
do not provide any unusual limitations on the rate of C02 evolution. When comparing 
regression lines obtained by plotting soil respiration against root biomass, no significant 
differences in rate were found among the treatment areas. This would confirm the results 
found in the cellulose-decomposition portion of this study, which found no significant differ-
ence in decomposition rate among the treatment areas during the summer. The heterotrophic 
respiration value determined from regression of approximately 170 mg C02 m-2 hr- 1 agrees 
closely with the 161 mg C02 m-2 hr- 1 obtained by Kucera and Kirkham (1971)in the same 
research area, using a similar alkali-absorption technique. These values represent summertime 
peaks under conditions of warm soil temperature and moisture. These alkali-absorption values 
represent about 60% of the actual C02 evolved by soil heterotrops. This efficiency is based 
on comparisons between alkali absorption and infrared analysis (Kucera and Kirkham, 1971). 
The actual heterotrophic contribution to total soil respiration may be higher than the value 
indicated by the regression analysis. The latter assumes that heterotrophic respiration is con-
sistent regardless of the root biomass. The difference in slopes among the areas with biomass 
removed and those with biomass accumulated indicates that more C0 2 is evolved per gram of 
root biomass in the biomass-removed areas. Areas with biomass removed by burning have a 
better-developed root system (Kucera and Dahlman, 1968). This slight difference in slope 
may represent a rhizosphere effect of the denser root system. While techniques are available 
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for the evaluation of fungal and bacterial biomass from soil (Hanssen et al., 1974; Parkinson 
et al., 1971), it is generally impossible to correlate these values in a significant manner with 
the parameters of decomposition and respiration measured in this paper (Clark and Paul, 1970). 
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PASSIVE TRANSFER OF HETEROLOGOUS IMMUNITY 
IN AVIAN MALARIA1 
Surayya Jabin2 and John N. Farmer 3 
ABSTRACT. Hyperimmune anti-Plasmodium relictum plasma was induced in donor chickens 
by infecting and twice superinfecting them with P. relictum. Anti-pigeon erythrocyte plasma 
was similarly induced in another series of donor chickens by use of injections of nonparasitized 
pigeon erythrocytes that had been washed and reconstituted to volume with isotonic saline. 
Twenty-four, 4-week-old, white leghorn cockerels infected with P. lophurae were subjected 
to hyperimmune plasma therapy as follows: eight were injected with antimalarial plasma, 
another eight received antierythrocyte plasma, the remainder were untreated. A second 
experiment used the same design with 5-week-old chickens, and an increased volume of 
protective plasma. Blood slides were obtained from all birds during the course of infection 
and parasitized cells were enumerated. The results observed from birds treated with anti-
pigeon erythrocyte plasma were variable. The plasma enhanced parasitemias in the first 
experiment, whereas it markedly inhibited parasitemias in the second experiment. The 
difference in volume of the protective plasma used was considered more likely to be responsi-
ble for this variation than the age differences. When compared to parasitemias in untreated 
chickens, P. lophurae was inhibited in all animals treated with anti-P. relictum hyperimmune 
plasma. This is considered to be evidence for the passive transfer of heterologous immunity. 
That is, antibodies produced against P. relictum alone are effective in reducing the levels of 
P. lophurae infections. 
INTRODUCTION 
Acquired immunity in avian malaria is considered to be a premunition (Garnham, 1963); 
that is, a period of latency can exist during which the parasites remain in the system at sub-
patent levels, but nonetheless at levels capable of inducing a protective response. 
This immunity to malaria is, with few exceptions, highly specific. While in the latent 
phase of the disease, the parasitized host is protected against reinfection by homologous 
parasites. In contrast, protection is lacking when heterologous species and strains are en-
countered (Cohen and McGregor, 1963). However, there are reports of cross immunity in 
simian, rodent, and avain malarias. For example, heterologous antigens have been observed 
to react with antisera, these first being shown between P. vivax and P. cynomolgi by Tobie 
and Coatney (1961). Still, even though cross reactions developed, maximum titers were 
obtained using homologous antigens (Tobie et al., 1962). Cross immunity between Plasmo-
dium knowlesi, P. coatneyi, and P. fragile has been described in monkeys (Voller, Garnham, 
and Targett; 1966), whereas cross protection between P. vinckei and P. chaubadi has been 
reported in rodents (Cox and Voller, 1966), and cross protection between a number of species 
of avian malaria has been detailed by Gingrich (1932), Manwell (1938), and Draper (1953). 
Recent reports of heterologous immunity between P. relictum and P. lophyrae in chickens 
have been published by Shahidi and Farmer (1969) and Farmer and Breitenbach (1969). 
Serum protein changes (elevated gamma globulin) in response to malarial infections have 
been reported in Rama-Rao and Cohly (1953), Shinazi (1957), Sherman and Hull (1960), 
1 This study was supported in part by a Summer Research Fellowship (1972) awarded to 
John N. Farmer by the Research Council, University of Missouri, Columbia, Missouri 65201. 
The technical assistance of Mr. James Richards is gratefully acknowledged. 
2 
,
3 Division of Biological Sciences, University of Missouri, Columbia, Missouri 65201. 
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Farmer and Breitenbach (1968), Congdon et al. (1969), and Longenecker et al. (1969). 
However, the evidence that elevated gamma globulins act as immunoglobulins is scanty, 
although it has been demonstrated that passive transfer of resistance by use of serum of 
immune hosts previously infected with P. falciparum . is effective. The specific immuno-
globulin was shown to be a 78 antibody (IgG) by Cohen and McGregor (1963). Recently 
hyperimmune serum has been used to protect susceptible rats against infections of P. berghei 
by Zuckerman and Golenzer (1970). They separated immune serum into IgG and IgM frac-
tions, and found the former to be responsible for protection. The IgM fraction faileo to sup-
press parasitemias, and sometimes appeared to enhance the development of the parasite. 
To explain cross immunity between P. relictum and P. lophurae, it has been suggested 
that the two species possess common antigens (Farmer and Breitenbach, 1969). It follows that 
plasma therapy by use of hyperimmune plasma containing antibodies formed against one 
species should be effective in controlling infections of the other species. The following 
experiments were performed to test the hypothesis that heterologous immunity can be 
transferred passively from pigeons infected with P. relictum to chickens inoculated with .P. 
lophurae. 
MATERIALS AND METHODS 
The chickens used in these experiments were white leghorn cockerels, with those being 
used in a particular test being selected from the same hatch. Thus, animals in any one experi-
ment were of the same age. 
Two species of malarial parasite were used (1) Plasmodium lophurae, an agametocytic 
strain maintained by biweekly inoculations, and (2) P. relictum, first isolated from a 
mourning dove (Farmer and Moore, 1962) and now maintained by periodic blood transfer in 
pigeons. 
Hyperimmune plasma againstP. relictum and against uninfected pigeon erythrocytes was 
obtained as follows: three separate inoculations of these antigenic materials were given at 
1-week intervals to six chickens, starting when they were three weeks of age. Three were 
injected with washed pigeon erythrocytes; the other three were inoculated with 5 x 108 
erythrocytes infected with P. relictum. All inoculations were adjusted relative to a body 
weight of one kg. Eight days after the third treatment, blood was collected by use of 
cardiac puncture. The heparinized blood was centrifuged and the plasma separated from the 
packed cells. The plasma so obtained was stored at -19°C for 2 days, at which time it was 
thawed and used in plasma therapy. Plasma not used during this initial treatment was stored 
in the refrigerator but not frozen. It was used for a second inoculation regimen 3 days later. 
For the first experiment, 24 4-week-old chickens were infected with P. lophurae, each 
bird being injected with 5 x 108 parasitized cells per kg body weight. Immediately, eight of 
these animals were inoculated with anti-P. relictum hyperimmune plasma, each being treated 
with 1.8 ml of plasma. Another eight were similarly treated with antipigeon blood hyper-
immune plasma. The remaining eight remained untreated. Three days later the 16 treated 
birds were reinoculated with the same stock of hyperimmune plasma, but in this instance the 
inoculum was reduced to 0.7 ml per bird. 
A second experiment was designed as before except that 24, 5-week-old chickens were 
used. Enough immune plasma remained after the original inoculations so that 1.0 ml per 
animal could be used during the second series of injections. 
The course of P. lophurae infections in chickens was followed by making blood smears 
daily from infected birds. These slides were air dried, fixed in absolute methanol, air dried, 
and stained in Giemsa. The stained slides were examined under oil immersion and parasitemias 
were calculated according to the method of Gingrich (1932). They were recorded in reference 
to the number of parasitized cells in 10,000 erythrocytes. 
RESULTS AND DISCUSSION 
The recorded parasitemias observed during the first experiment are plotted in Figure 1, 
with increasing parasite numbers being observed in the blood of all birds until the fourth day 
of the infection. The parasitemias in all groups were lower than expected in reference to 
previous experience using an infective inoculum calculated at 5 x 108 parasitized cells. 
However, the lowest, mean, peak parasitemia (5.3%) was recorded in those birds treated with 
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Figure 1. The course of P. lophurae infections in 24, 4-week-old, white leghorn cockerels. 
Eight chickens were injected with anti-P. relictum plasma on days 0 and 3. Eight 
other birds were inoculated with antipigeon erythrocyte plasma on days 0 and 3. 
The remaining animals were untreated. 
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anti-P. relictum hyperimmune plasma, but it showed no significant difference from the mean 
peak parasitemia (7.5%) recorded from the nontreated animals. 
Unexpectedly, however, parasite levels in birds treated with antipigeon hyperimmune 
plasma were higher than either of the other two groups. Parasite development appeared to be 
enhanced and by use of the t-test, there was a significant difference on day 4 between the 
mean peak parasitemia and that of the anti-P. relictum-treated group. 
The parasitemias recorded during the second experiment were more indicative of the 
infective potential of P. lophurae. Examination of Figure 2 reveals that the highest mean 
parasitemia (27 .0%) was recorded from birds of the untreated group, whereas the lowest 
(11.3%) developed in birds receiving antipigeon blood hyperimmune plasma. The differences 
between the parasitemias of the untreated birds and those of the hyperimmune plasma treated 
animals were significant on the fourth day of infection. 
Hyperimmune anti-P. relictum plasma therapy seemingly inhibits the development of 
P. lophurae in chickens. On the other hand, the effect of antipigeon erythrocyte plasma 
therapy was variable. In the first experiment its action seemed to enhance the development 
of the parasite, whereas in the second it was the more protective of the immune plasmas. The 
enhancement phenomenon has been reported previously in which P. cathemerium was en-
hanced in canaries, by use of clean serum or serum from latent birds (Hegner and Eskridge, 
1938). A sensitization of chickens from the use of normal or immune duck plasma and duck 
erythrocytes parasitized with P. lophurae was also reported (Becker et al., 1950). Para-
sitemias developed higher than those in nonsensitized infected chickens. Becker and co-
workers suggested the term "sparing" action in which the plasma affected the innate resistance 
of the bird, and that possibly a substance in the duck plasma inhibited opsoiiic activity. The 
enhancement seen in our first experiment seems similar to the results reported by these 
workers. 
The protective response of anti pigeon erythrocytic plasma observed in the second experi-
ment is supported by the contention that much of the protection afforded by antiparasitic 
plasma results from antierythrocytic antibodies (Schwink, 1954). Furthermore, hetero-
agglutinins induced in chickens when pigeon blood was injected may be acting against either 
the erythrocyte or P. lophurae in the plasma-treated, parasitized chickens (Farmer and 
Breitenbach, 1969). 
Thus, both actions of the antierythrocyte plasma may be explained by a "sparing" 
action on the one hand and an inhibitory one on the other. Why it "spared" in the first 
experiment and "inhibited" during the second is puzzling. Difference of age between the 
experimental groups is not considered to be a factor. More importantly, the size of the hyper-
immune plasma inoculum varied. Becker et al. (1950) in their support of a protective effect 
of nonimmune plasma reported that 0.5 ml of duck plasma produced the sparing effect. 
Moreover they stated "In a still unpublished experiment significant sparing was obtained 
with a single injection of 0.15 cc of immune plasma per lOOg of chick body weight" ... p. 343. 
However, from a therapeutic vantage, Taliaferro and Taliaferro (1940) believed that continued 
serum therapy during the course of infection was more beneficial than administering a single 
large inoculum. During our experiments a total of 2.5 ml per animal were administered to 
the chickens in the first experiment, but 2.8 ml per animal were injected during the second 
experiment. In view of the variances reported by others, these differences in volume of the 
protective plasma may have been critical. 
CONCLUSION 
Both types of hyperimmune plasma seem to inhibit the development of P. lophurae in 
chickens. This is considered as evidence for the passive transfer of immunity. Although the 
slightly lower parasitemias recorded in chickens treated with anti-P. relictum hyperimmune 
plasma is also considered to be evidence for the passive transfer of heterologous immunity, 
isolation of malarial parasites from erythrocytes so that an antigen free of erythrocytic anti-
gens can be used to produce immune plasma may be the only clear-cut procedure to evaluate 
the presence of passive heterologous immunity in avian malaria. 
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Figure 2. The course of P. lophurae infections in 24, 5-week-old , white leghorn cockerels. 
Eight chickens were inoculated with anti-P. relictum plasma on days 0 and 3. Eight 
other birds were treated with antipigeon erythrocyte plasma on days 0 and 3. 
The remaining animals were untreated. 
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